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METHOD 

5 

TECHNICAL f!M 

The present invention is; a snrgleat device and method. Mote spec;tioaliy. d ss a 
device assembly and nvtC t adapted to term a circumferential \o, \ ^ block along a 

U> Ui < M i ! < x ^ ^ i ^ > - sU 

AKh.n f a ^ t ^ ' ! c * mr . v. v *w ^ ! »'> N *' 1 

■x t J U f t i 1 v i 1 ( > > <• 

}$ 

^ , o ! ki i 5 ( been 

associated with disease and other aberrations alone J\ lining or wad which define several 
dm- a v x a . e v n o v v.' m treat el > t „ , > * d < < * s s i . < k*Iy spaeev 
h<dkal I \ i ave.-mn. i » s ^ ! m*. * I ! ' a: i I \ ut i,.w to 
ai} ,\< tan v ^ > o it ^ wns i ^ i t t but 

closed 

ie h met i n? derivatives et *er* i I r > n t * 

any cavity or tamers within the body which is defined at least in part by a tissue wad. For 
example, the cardiac chambers, the meres, the regions of the gastrommsbnal tract, and the 
w anet- i < wootn \e.wels am Tl m w v shuanm\o - » m ^ > \b sp.uos * id u i k 
intended meaning. 

The term Cameo ' mciudmu dernabves ihercoi is he-cm intended to mean any 
body space which s one a I a s \ which 

3 \ vs cads ^ - ; a ( s <> i * < in i 

50 , s v * s s *■ the bene ran v. I < nd 

the fallopian cabs i s soph > > it:an ? . > e a t. 

P ! < w x i - ! f sr tree 

between their branch points, More paniculate the pulmonary veins are lumens within the 
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trcei ,j )v,ii;\^ m udme the o«o { <» uo s s s< 1 ai tv v ,>eb 
p v <rtR>"<. ot dvx m>r >-! <v i V? urnuc^J s J - ! K o *i : 

\t n\> e m> . d ^ N - "> 1 < v 

o >mJ <. i t o i t 

rekte< io 1 ^ i oc\ .os ' s . 

atherosckrosis the focus of many disclosed devices. Such devices car: be categorized by 
five "5,s a f * o i ' ex e<- , 'i u! 

cmuec? t'mk <■ ^ s s n c to-bc.u 

devices, hot feed htmen dm sees, i l m > bC ; hotted decrees. 

! \ s ' U.S. 

Patent N 4,991933 to Bggers et eh describes a catheter designed tor thermal s ? i 
vfric z ectrode in direct contact with sort 

iu» ii v .vs i f ! li immW * > v it \ K 1 < N ^ 

to burs use ^ 1 ^tm< et el dssCo-e J, , ' neat 

surround sot i t < d an R 

power source. 

1 S Paten Kos, 4,672 I S 135,694 to Kaspnyk d d 

( „v! \ > ^ , Ir ccen it foCNC 

knn { v * <N ! sat < v hn devi s. \ s nhbn 

beat which is transmitted tc serreucdhm tissues tor rreataent of atherosclerosis and other 
diseases. Current is transmitted .in each of these devices by electrically conductive 
u t.n ils lis. s«t a \ s it \ ^ 1 t - s s 3 which 

iu $t ns aim u 

device. The best generating element in that device transoms heat energy to a surrounding 
l tiding Sj^ \ ti t v ' is U.S. 

Patent No. 4,790,3 < c » t < heat 

, \ ^ v < , *s !*>•,>! is x S J 

hs devh be catcge 1 evk 

U.S. Patent Xo - - s s i N i to I Cv can b, ,ati. , hot b i 
In in I h (. t <.< h i nil ? 'fs it b i for 

> i > >i \ a ^ Umen. Hits Ccs v t' a n if 'meet catheter which is earuhk of 
2 
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n it\i l i o =.1" evw^.,' v xdeos l«m ] vault „ <. < ot 

geonwiocaUy and heating tissue which is in contact with the balloon. In the M2I 
disclosure, Lee describes a hxmm of an s ? mdabh ■ , ! i xi v th hermoptasiie 

element 

I ido i en osis, another abnormal s ' 
endometrial cavity of the female. This medical condition, characterized by dangerously 
j<! i! k'i n< o \ 1 f . 7 K e . ii) 

treated by delivering eaergy to the tissue. U.S. Patem No. 5,449,380 to Chin discloses a 
n b < - ! ' > - ' w - " ^ 

u i to t m'H u\ new I v t n v x U t . <. N v.- o:c s astiw.i 

disclosed in US. Patent Nos. 5,505,730 to Edwards; 5,558,672 to Edwards et at. and 

N H \ iu . ! aw - .-!ie . \ i - ^ > ik >u' ii 

{low of RF current between electrodes. 

[} i t !\' Aa 1 ood u s o \ i f x » < nd no i 

waif cendm 

certain I < t inclosed devices which 

? ( het v ! No. 

* ' > U t< exau t ; uih ^ <. - > « f < 

m u w <>t * ^ ' ,v .« - > > hear 

generation in bos device is a resistive con within the cautery probe which is electrically 
connected to a power source. In U.S. Patent No. 4,662,568. Hussein et ai. disclose a 
5 ,u< 5 now ; o . vs ^ > v < ! w > \< 1 ^oe\K, uu. 1 m 
heat generation is delivered to the tip of the device in the form of light by a flexible fiber. 
Heat from i i it energy ta i y is thes cted t 

adjacent tissue in US, Patent N< 4,522,205 faylor et a!, disclose a devh fesb d fan 
inducing thrombosis in a blood vessel comprising at: array of electrodes mounted onto art 
e j. e xahoo- ohva t - u uh sea current nvs 

i J cLttoi^ < <.h <- n un\l s h c n n emu o - „v ,lu 

thrombosis. 

M,,ni' k * { v. w i - i kvd ^ i ~ m 

w >>t cur 5 dswlos J <■ v sod > v , < " v c x< m 5s< < > t sU 0 , >. U.S. 

3 

WSmiiTE ''SHEET (MILE 26} 



WO 99/02096 



Urn-io s o 5,0""$ ~>> iV j ^ohU mr £ >. ! em > d> m ^ ^ <u an t < > t\ p aemA 

is the body passages comprising a stent structure which may be connected to a 
radfofrequency power source la addition to mechanical!) supporting a bod) tummo this 
device is blended to provide for thermal disruption of the adjacent tissues in order to 
lhibir raoecn ion oi € S. Patent N< 8,61 B to i ndarpa discloses 

«. kv " in m * £ Haute d tp inns 

a lumen region. 

< t 5s < s <. - x >. v me 

lK t t , Iks i ! > i ! iso di <js < so 

die following additional, references: U.S. Patent No. 5,295.484 to Marcus el al. ; U.S. 
Patent No L324.255 to i 1 S. Patent No. 5 /3 91 .19 Bardette et UN 

Patem \e ^ * v \» • ' t! S Patents r«* N > u ' n tw d is 
Patent No. 5,571,088 to Lennox et ah ; U.S. Patent-No. 5.57%?72 to Lennox ; U.S. Patent 
i i H> » t o » <. ' S Pa em No S,o0oN" > ^ to Lioo.ll. m e at. .; U.S. Patent No. 
5u20 w k> Ditdenvi t S M m \ s n «■ Ii> >. > ^'^ Paten No 
5,735,288 to Sberm&tet &L. 

e_s s 

, u j ^ s v v. < o <. > o m s tna 

dangerous medical ailments., especially in the aging population, in patients with normal 

t ,! ul i \ 5 x s s i v \ (. 50 5Um 

tissue, is electrically exemd to beat < a synchronous, patterned fashion. In patients wnh 
, > t , 3 < 1 - «. 0 - x onofnius 

X'jt n ^ e !n v. , v i N . k < I , fhvt m 

tnstsad dx > > , *. s x \ v. oo'u v w ^t^t i vav 

nooN Pmx^Y >, , \k - u n a'; > > ,^ s t ,. ^ he-Jim, Soch abnormal 

, M,^ ' t n ,i S ■, ! < 5 5 

„\uith * >k i 5 t { un it « >^ t! I » e . ' Jt io » h x i dt 
o << u< s i don- v. "no * o n v on \ tnm 

thew - x ! > > m ^md cardiac e: so 
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i -a v. ' f i 1 i f tv ' - * i % v. t 

fit 5 haraetes * s ! ' a o > ^ ! c i > 5 ! t 

^eauca. ,K N i - ! -.<! ' - ,N - 0,5 u* 

addition o the tmdtowneka .c.aat - _ . v < v - \ t -■ < i so< i) 

origin, such as when a < > t rhas i ^s > > a rapa 

„JVU < , O <> > < v. t > ^ * V t > 

detected using fee global technique of an ekaaroemrimgram tF.KG). More sensitive 

iU } T t ! ^ ! ! * H I »k 

disclosed, such as, for example, is US Patents Nos. 4,641,649 to Walinsky et ah and WO 

u.> 96/32897 to DesaL 

A b v < K 

resaltiag a , j s abnormalities associated with atrial fsbrulahon, J' i stroke, 
!ki • Ik. \ < 1 evod to be 

a sign nt « - e, wherein the font i loft 

is airiest caused I * - j * ' ! vithin 

t! c a I v . 1 1 lodged hvto the left sentrick 

which thereafter pumps the embolism into the cerebri are hati j where a stroke results. 
AccordiegiV:; numerous procedures < treating atrial arrhythmias have bees developed, 
5 t t>roccd«reg< 

20 

fiotweouooal Atxua^ 

Several pharmacological approaches intended to remedy or otherwise treat atrial 
arrhythiToaa have bees diaclosed, such as, for example m US Parent No, 4,673363 to 
:o v. \ ^ \ i 5 » I I t 1 et 1 » 

v f s Management of Arrhythmias" (1991). However, such pharmacological solutions 
\ arrarly heikvta c j " i as and mas h jome C se 

result in proarrhythmia and long term ineffiescy, 

v i - , a .a h ! , ft* o\ 

30 * b hos tne particular exsntp s known as 11 izz& procedu as is 
h t ^ j et •« ^ „ it « » 1 I i s Mi as 

> > («« ; h <. ( v o iPhac p b f h also by Cox. il 

5 
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i ! <. v. 5 t f ^ ' v! H ! > f 

a, no s v ^ Xviim s 

ikagvo o - ' -J'o , i ■! s 1 s ( t ^ > - * sk 

; ! > j !< , > f < ' ; %■> 1 ^ v i s 

s'\feaen o\ , i v v - > ' t m 

urn; iov>euT mote icvom r\ * > num 

< edtii > ! 1 S O^ i i 1'bD M. l i8 

1 t Sueda et ai> "Simple Left At 'tocedure for Ci 

attdWu Mi;,-. \ ^-e^ 

The ''"maze procedure" as performed in the hot atrium, generally includes icxraing 
vertical incisions frora the two superior poiroonary veins and terminating in the region of 
the mitral valve n traversing the inferior pulmonary veins en route. An additional 
horizontal hoe also connects the superior esds o$ roe veitka wemutts T'hu\, the 
atrial - d i x ^ ' t ui! .HNi ^o the ottxn «m d 

tissue, in this process ie median i etionins 1 ttrlal tissue eliminates the 
■m <. Of t o corKJoeiion to the atria; x t i by creating conduction blocks within the 
aberrant electrical conduction pathways, 

White tho "maze" procedure as reported by Cox and others, and also other surgical 
poxviuu have mot some success n exatmg vun - mUm i its highly 

< ^ v native in most cases li>v,e% t av^ 
Ov< hu it o ^ oof , o, . . t ' o \ , o^ ; tti^ - not . 

t »ue ;no ^ s s ^ m i 

by ri n v v > - > ^niuthr o enx 

conduction. 

s x ■ N < , , , v t s ii;iv> I ocnt s > < $ ! with 

regard to the surgical < procedure just described, has mspnvd the development of 
s j catheter-i pproael » $ ( bii ! c tissue 

ablation. Examples of such catheter-based devices and treatment methods have generally 
targeted atrial segmentation wah ablation catheter devices and .methods adapted to form 
6 
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linear o car b l j , > m J\ w * < * * > * - - ! v m * v > Mkh ^ ** 

5 i h 1 x » v S Patents: US Paten > S54 to Mm ! v > x 
- )N8, ^ to bo* U a ! - t> Paaet \ ' 8" *s* m V jk « -m* I a Parnt No -F^IFot^ 
V V^'iVii I m. * s hen ceuunt k 

5 reference thereto. 

cardiac chamber segmentation procedures are also disclosed in the hallowing articles: 

>,U < ! } \ ! \ !,<<<> 

\e< f.>«K > \omn . ^ C «1d<1^ R i mdLefi 

io x < , * % i < m , < 

id tumul ofC'ardim > , > 1 t ^ r T " N ^ l H9 f ,N ^ 

articles are herein meoqxmned b ; entirety by reference thereto. 

i un x < U 1 < 5 x i > s 

pr,h,amo^ e rt o I s 5 ^ daaarN Nov 

15 5,427a 19; 5,497,1 19; 5364,440; 5,575,766 to Swartx * al, In addition, various energy 
delivery modalities have been disclosed for forming such atrial wall lesions, and include 
use of mk ore come equencv energk to a ate 

onii'KL' , 1 b>C\- d 'i-.-Mi --ex - a? . ^ iowb . * ^ .'alee; \o» WO 
93/20767 to Stem el al: 5.. 104,393 to Isner et ai., and 5.575.766 to Swan* et al 
2::> > esences ate heie 1 t 

by reference thereto. 

\ addition to attempting atria; wail segmentation with long linear lesions lot 
treating atria! arrhythmia, ablation catheter devices and methods have also beef? disclosed 
which are mu to ablate ansa t ,e a t t * * <. o u 

25 s u v v < x ! v o i i s ! 

For example. Fran: et al. in 1 „aa =me , of RF Powered Thermal Balloon Ablation 

Xl N ? b Of L ^ V > ! ^ N n ' U > 

v > n \ i |, v at • ' < t < i < I < 

30 t ^ ^ s J i h - % u ! < U e re > 0 ! M 5 v.' <A < t 

po.si boned witban ilh \ 1 t * I <■ J 

provided in an assembly adapted to advance the ablation catlieter into the coronary smos 

7 
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•from the jugular m Thermal ablation procedures were performed > the postepospetal 
coronary sinus and in she left bee-msbl coronary sinus with thermal » s > at either 
"Odeg 80 leg, ot <X) leg fot either 50 or 60 seconds- 1" all cases hall on - cciuskm was 
confirmed - Hsta t ! i \ > was u >< Inch had a 

5 n » ( > < > > - 1 ^ \ \e a n n - 

range of 0.4 to 1.5 atms. Fram «i al. discloses that the lesion deptJb. of some population 

. ' ! »x n fob 'V V I Oi 0 

a f - s n 1 k * o iKu ion is 

sinus for the purpose of treating particular types of cardan arrhythmias are disclosed at 
Hi "Long-term effects of percutaneous laser balloon ablation from the canine coronary taoufo 
Schuger CD . aL Circulation (1992) 86:94'7»9M; arid '''Perctnaoeoas laser balloon 
si Men of ae.oss.fn pitfovev M \ C 1 ? a a! ;*< ^ I tn > l t fou , 1 etw 
1991; 142S;165-17L 

'%? 5 oe e W>i' " i < N ^ < eon nsxy Vm 

Certain particular modes of atrial fibrillation are believed to be focal in uenue 
cause* by the ra I aj ? pel t e no- ft i ued < ml r within tl uri cardiac 
as Ms s vs. ifo ra < act s eh et a trig get of oat ok > ios or 

20 nay -a s w e s , ae > 1 > no 

r n.uos bort a u-eea pnh s ia u a 

pariieoiad) i:n the superior puhnouat) vents, 

I os^" rr a s ^ ! * < f , s < i 

use end-electrode catheter designs . the intention of ablating and thereby treating focal 
25 t e he in the pohnonary veins. These abiatioa procedures are typically > t ' ' v 
b> < omental applies i trie !< p^ e tissue to fc m focal lesions 

designed to ablate tine focus and thereby interrupt the inappropriate conduction pathways. 

(.ti uiffl > f ! ou 1 i < hOMr itul 

h i u ugmaf m f ! > < ! <v < il kmn 

30 n Mi V u h. ok * \ , < . v < t . ^ - < ° ^ i \ b I " > J " a 
.fonrnot m ^ , < 1 t 7(12), pp. I * H (1995). < . s u sm 

el il udsofow raJ:ofmqsnuc> cabman f atme m o movfmetop oee^me atrial 
$ 
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S , imea* uwnpUawnied b> foe I \ >\ v > t e e at 

ajthythaiogenic foci in a screened pnfomt population. The site of the axrhythrnogenie foci 
h % e genvrnds oetucv > ^ ^ ^ > m ^ wrt, oak i 

standard 4mm tip single ablation electrode. 

In another focal ablation example. Ms el ah in V focal source o< ! t i i 1 f n 
K 4< < i f ,? ~ < <• p h " gph m 

M m s> k s *v - i . m- i vnnilmi^ * Cwnm 

source of radabreqaeney energy were applied in order in eliminate the fibrlilatory process. 
There is mil a need for a emmrnten-mbal ablation device assembly :e;d method 
o f t o » an 

torhythnnorenie feeas along a pulmonary vein, la particular there o sub a need tor such an 

, ji n v > a v a 5 m> sui.i Jiof * 

d sial endol 1 vhich includes j 

form < v> t ^ n ^ < ! ut v\ ^b, 

either ach I » { o^ t !i» ^ or is between the arrthythmogenic focus and the 
mbv non. nomas* et ;K pesa-ua v 0 nam) wall 

There is also still a need for a circnmiereoual ablation device assembly and method 
r 1 no > iK ^ v i . o I 'a a i 

element to a etrcmmeomdal region of tissue while substantially isolating ablative energy 
born the ablation element to the cuvumferenoal region of tissue by shielding adjacent 
w f t m i , < > dm cswewfowoo f -m . iwr e , a \ v < ^ h e \ a 
element, 

bhere is also stui • need fos as tblal m lev! t ioabiy a;n rneti \ adapted to 
connect multiple linear lesions that are each formed along regions of tissue extersdfog 
between a common, pulmonary vein and multiple other pulmonary veins adjacent to the 
common pulmonary vein m a lessnnvaslve s \ procedure for treating atrial 

arrhythmias. 

There is also still a need for atissne ablation device assembly n an. ablation 
catheter asset 1 . „ it« Pom v\ nh «»* oochot ! '"J'lH, i 

pa$sag?wa> mm dm el r » c 1 f \ \uJ> t, -i nkt " hu< ^ a mom wnhm dm o b 
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i. d to push 3 pm t _<5.k j boo \ 

■wan vein tb.KH.igh it o ? i along fly 

posterior left atrial wall 

There is also still a need for a tissue ablation device assembly ami method which 
provides a circumferential ablation member which may bo selectively chosen from s kit of 
ablation members ha>.ecl up>m x \ s t mar-ac- m. e. p*uWi ea > we m mdet -> a i 
wiiK >m em e m teeme mm, a so> r . o , ! ,"i n )<n 

vein ana a substantial porboe oi > u a led amai mail, 

SUMMARY Or THF INVENTION 

A uu" m ablation device assembly Is adapted to > a circumferential 

O ,(. a «. * > K \ * lit . ! i 55 i 

wall, of a left a'Hir hi a patient born an < x t 1 > ^ focus located along a pulmonary 
ti lo .d ■ ' t J ( i a i I bit 

assembly includes a drcurnferenUai ablation device having an elongate body and a 

i a,i ' abhtnon awmh:- „ m ; < the distal end portion of the elongate body. 

ikut a em* - w n < ^ * > s > e la 

, ^ w evludes tbe 

»m ; \, i - v 5 lU 

vfib i an v. < h • 

x , i v. v i i I i 5 k mi o 

abiation devices ts provided with each cbcatnierenoal ablation device in * kit adapted to 

bl<l\ KS, "Lv'Iiua'O k 1 5 

s centra! a^hsijos 

to m , ) x < 1 < x ' ' ;<,<<!=> 

r H'" based upon reviewing a measured diameter associated with die „m ? 

region of tissue desired to be ablated. 

1- w; em. ' ! t c 1 i K a ! 

|-> sul uf u i i\ m\ * * t \ • 1 'v ' m i mmam 

1 i i er aspect ol ^ v 1 i < ! <o blalion e s 

caewai amxi nprm a t ans£sophae.eal 1 r m id n<>w\ ot the cmeumabmrmsd 
10 
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\cc ding t ! * er m t I < sen •> * m.u Sere a! bin < me t 
i v „>, - n v\, e < l > ^.m s \<<~ j x v. ^ i , v s et "iv e ■, bmh id Out 
is adjustable from a radially collapsed position to a radially expanded position such ihat an 
outer snrfaes * o-n is a 't . e • - nt eo : ^ .ammmUah »mu of 

ts^e to >i aH V } ~ - v.* i, < ! ! * ^ 

and also to the circumferential region of tissue in order to ablate the tissue. 

i _ * > 4 n s s f ! ! - 

pj|a»n ar u 1 t t J ' • 1 <■ r 1 I 

expanded position. 

In one farther erobodhnem of bus aspect. Use working length when expanded 

Us KkMt'X V * » s s , i . v 0, O 1 i> \i£ ' i » ! Ui 

t ) 1 i -* v 5 v i i %U i i 

i s sod regmns 

n i« t > v IK v JkK viHl Klf 

ant id pies $ cor } < - o s hen the working length is 

xpandt ek - - iatioa of 

this embodiment, the expandable member is adapted to conform to the , maun vein 

i nnn , n - « , ^ ^ * » > ' ? ' s ,! ! <d> h 

tus e ■•, r 1 " !> ! ' r 

o i ? t . mo nfed to the 

)i ! i ! 5 i ! i > Si 

ahlatne energy horn On aH.nmn deuoea -md to the roxuroereiumi „ \ <, ' e- ' by 
a v s t shielding surrounding tissue from coupling to the ablation element. 

A further mode of the assembly combines the expandable member mode and 
isolated counhog modes just described ha circumferential ablation member and 
ablation element. The expandable member includes a working length with first and second 
v 1 pv o > ^ ^ J > n t * i 

working length between the first and second end portions. When the expandable member is 
n the "find > t >f km j. s <. i \ n v < micron hand n aJ i mage 
c rfbemnd region oi tss&ue viout^^K »nt.nuva U tp-ti ! 
H 
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oen igs adjacent regmns « horderit either d« fthe fcumferentia! region o.f 
iN^JC Uh » u o Hvi v < ; fe.amd m wacac m c ui i !un h * u <« * 
- pandcn positi ! m > ebj tbtm ib& middle regiox to i , nfereMh! 

region of tissue, whereas the first and second end portions or shields are adapted to isolate 
5 ablative energy from the ablation element to , chmnuferentmi region of tissue adjacent to 
the circumferential band. 

xtl 1 , > ! I vt 1 J > \ * 

aubstamiaUy shmter dun d»e uook. ; ;m ieamh of the expandable a -;,d..a . in. ty be less 
than two-thirds or even one-half the working length of the expandable member. 
H) n ui ik w\. >\ m ^ s j < s n >h ^ a h\n ,h 

of radially expanded posidons each having a different expanded omer diameter in the 
, h! knnj, « ihee-camuntaih , >e f ^ mm cum, ^ 

<< i * i ! 1 i J ' . U f . « i. f 

lUS Ilk (fill i f ! 

is i 1 i ^ f f^ c: the 

working length, such as a modified step, serpentine, or sawtooth shape. 

fe^other aspect of this mode, the ablation element includes an RF electrode In. m 
[IF ablat a articular > 1 ! ^ '> ! 

porous membrane along the equatorial or older circumferential band which is adapted to 
20 pass electrically conductive fluid from the conducive fluid chamber formed by the 

expandable member and into tissue adjacent to the band, dm 1.1 aid conducting current to the 
vo a ^ . >u - ! mm < 

In another aspect oi this snode, a thermal conductor is coupled m the 
cimiaofemmial hand and is adapted to eaat thermal energy mto die < > • n region 
25 o n a c . oaaanieicuUal band, 

m another aspect of this mode, the ablation dement includes an ultrasound 

s S , ^ v. i < if } 

circumferential region of tissue adjacent m the eaeumfemndai hand. 

In one beneficial embodiment of this aspect, the ultrasound transducer is fixed to 
to end portion < clot < < < < expandable ant dongt 

u rdat btu a is further adapted ; mm rent d pattern, of i 

1? 
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emm v\vhvi \ 1 set . m ^ o a % v <m k'utt i >> 

of tissue adjacent thereto. 

? ? t s is U\ UK \ y 

uuLno-. !kp,i^ ii i > t 

S uff w v energy f s v transducer and to thereby heat etui conduct thermal energy u to 
! -e s v. > s - o - > ! % 

In another detailed variation of the ultrasound embodiment, lirv ultrasound 
« r h v ; i 1 < > < < , v. ' hs 

hord i > v»>rta»c length, which en 

t 0 portions are adapted to engage adjacent regions of tissue bordering opposite sides of the 

UU l! t ' ' s,l 1 ' ^ ,v ^ s ' <J l v <"S s ^ s <. < 1 

end portions in order to form shields io isolate dre transmission of ultrasonic energy from 
the uiostsoued transducer to the circumferential region of tissue adjacent to fee 
Oerertt 

IS I ) in MK v v. *~ i \ v v lit, t y 

portion of the working length of the expandable member including the first and second end 
portions in addition to the eircum.fcrenti.al band. According to this aspect, however, 
i > tl i \ t < t an > 

<» S > * v t t< n < f s ui i m' n \ k 

20 adjacent regions of tissue. The us unit n leave only Use eeounberemud hand unshielded 

l *t) t H i s s .1 1 UK I. Ii Hi d 

tissue. 

I i r» h \ s f v. w * n w i v si ' 1 gtu 

Ml S ,u >> - r > up v. n i * * > 1 vi i 

25 left posterior atrial wad which surrounds a pulmonary vein ostium to thereby isolate the 

SOb V v -HV- ^ I ! 

I i one asge 

expandable men wi inert ea > f spied t pulmonary vein 

i t , V i U < > \ I f* S < ■>< 

30 et urn vi t k i o ^ ? , ' t > V 

ablation den tent is adapted to couple to the (hrcumferential hand and also to the 
circumferential region of tissue m order to ablate the tissue. 

13 
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According to anothei mode of the assembl} . the dk?lal end portion ol the elongate 
member includes a circumferential ablation member such as according to the modes just 
described, and also includes a ho ear ablation member havrog an elongate abiatton < i c 
length and h , ablation element which ;s adapted to form a eonthroons linear lesion in 
5 tissue adjacent thereto when s linear ablation element is coupled to an ablation actuator. 
n on , < v vu ' !f 

s > t ; f g | t OOm X- v % Xs > O n > 

<mb . < >N> >< c ^ t a u hm a < ^x s ~u xno a j ahnuit 

k i , a * > d < 1 

10 mtaoan io a vxmo i < } s N - t s >- > 

secure the second linear ablation member end to o second location along the left atrium 
wail. 

in one ben 1 latum of vis no 1 uk 
slidea iget * et g * <t vj 

IS adaj - i } s - 1 - N herein the second 

.location is at or adjacent to the second n t vein, 

\ is-Ut 

having an elongate body with an anchor adjacent to a linear ablation element wherein the 
exkf >< sun t \ < m t . i ^ > aknc the 

20 elongate body such that the stylet when advanced within the stylet passageway to a 

predetermmed location is adapted to posh a portion of the elongate body adgmeui to the 
h 0' < > N <w a ' a o< cms. m * x> a* tt 

atrial wail 

In one aspect of tins mode, the assembly includes two anchors each adjacent to 

2> >JpM ^ s l ' s ^ Ki i I 

end of the linear ablanoo element and is adapted to engage a best pulmonary vein. The 

! \ s < > , x s * o ~ v. s tlw uuca 

ablation element and is adapted to engage a second pulmonary vein. It) one embodiment 

4 is X s V s v X d > 

30 <ku 1 * ^ haeent the distal end of the bmxo>x<acou aiemom an } <- - 

\ > n van- pulmonary \ cm wail \\nuteNpaw.Xi rwhxw m 
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ill , > >u re t ! w\ % ro rw vs o - - > w ' T > nv Feu 

such as according to the particular modes just described. 

* i < g „ H ^ . wiu n i> I > t< tl < 5- aiapuw 

to ablate a region of tissue extending between first o:v second locations along a posterior 

, s , i d a ! u< 1 i i v o 

ousou ot ib » ol o 00 i K i I ? K 

aimed w engage asm track over a guidewire positioned wbhin a pulmonary vein through 

i o U c lC u--o;- > i ' ! > 1 < n >' '"vk \ k>> si ovate m 
alorm the posterior kh atrial wad. A sty lei is engaged wbhm a stylet passageway along 
« <J , h oh o ^ \ ^ i <• i ' s n x v\ vav \ 

l) (tub xO'a*! n , il « i v <.sU n KM ><^0<K 

I i, ! ed s v aa s, * ; ' e y a < ^ * no <.\ H 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 diagrammatically shows sequential genera) steps for treating atrial 
i i i - i v mi on 

1 igm ? v \b show sales ati p ts^ t svi view * can f 
ch nvierenbal onducimo I forme > mssy v« wall tissue h the 

wustvr 

igore - xw I > 5 , v » t t n i < 

i.vK n, •> b M HO*0* 

Figure 4 shows a perspective view t circumferential ablauors device assembly 
during use in a lob annum subsequent to performing transepts! access and guhiesvhe 
po n - a, >\ i . m ' ^ I - - 

Figure 5 shows a similar perspective view of the cbcumiercmial ablation device 
x j ^ ue fs""' 

j <. 5 t v t d s i ( I 1 ' 

etrcumieiCi v > " com s ^ c r\ov\ b mgum 

3, 
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tgm\ <v\ show* i Mn>iia* perspective view a.s sg;<»vsTi i I lm; dtnough 
showing a further eucunrlemmiai ablation catheter variation which is adapted to allow ibr 
blood perfusion mm the puin >nan ve : and i to the urium while performing the 
enrnurnerentiai ablation, method shown uiagraruat scad y hi Figure 3. 

> tg\«e i.isAC o.Jf ! 
df I * ! N ' \ is i I 

Figure 7 shows a simitar perspective view of the left atrium as that shown in 

» f \ a ^ > << ' nw< ! * ^ s s < -e,. V * a uvove wTanoe ^ 

Figures SA-B show perspective views of soother circumferential ablation catheter 
iriavion during u ' ' ■■ ' *> wherein Figan 

w < \ f • expandable me-ma 

radially expanded position while < the left atrium, am; Figure 8B shows the expandable 
member after advancing it into and engaging a pulmonary vein ostium while in the radially 
expanded position, 

ihcu-v Si shos n ! " wn u scums 8A 

8, aiihouj h \huw-! < m t > ^ I ^otit ^ to the 

our? fu ; t >i h <> . ix< -"e , sg jc - w <iho > Ike- ^ < e are u . "ft e « si 
m - { weieftatnotn 

!ni ^ ' et v v i s i ! n i t hi 

, f!>i i O t ^ v> s 

, ) i h *oo 01 a 

i n i ablation element circumscribing the expandable member Is also engaged to 
aui a-. ^ s ' N a - ' u-anrnds the 

puhnon ir< vein ostium 

figure 8E shows one particular expandahie member and circumferential ablation 
^ c ' v o 5 1 S ^ 

\ \. n \j i» K u iv 

K formed v,. tin 5 \ s 1 <~ a m me orcmod of osc 

shown in Figure 8D 

F r gore 9 A diagramn blatson 
device assembly of the present invention by forming a circumferential conduction block in 
U 
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i- pulmonary vein, in combination with a method for forming long linear lesions between 
pulmonary vein ostia in a i.essomntsive "maze !> »type procedure. 

Figure 98 shows t perspective vie* of a segmented kit unum after forming 
^wer h > \ ■> > \ ' - - x, d i? otic 

S method of Figure 9 A. 

Figure l Y sluwm i ^ mho mnroeeuw w.wo . two vw^n w : .mm -'IF although 
;howim cucumfareai 1 shktb 5 a embh during is<s in Ihrming a 

circumferential lesion m a pulmonary vein which intersects with two linear lesions mat 

(.\?0^ < . > ! , S 5 i 

10 - s u>„m> ! >o i u: : ;u - m mwn ; -.Hmoo amatw win. : >>eeemwm 

1 u ablation nwmber extending between two anchors 1 a circumferential ablation 
)u oh > ^ b 5 , . m 1 oo i 

of Figure 9A, 

bp r, ! \ < \ < w iv* > c> mm! \ rial al mum ti' a 

O; U,!ft 00 ! U i F ,i U nvOn Hl< > . " 0 U 

»m « sew noe sm> . s ^ .go > . , < > '«'*ti" atrui vwhi With a 

lesion pattern which results from combining the t of two linear lesions according 

U <- I 0 I 0 n ItWi't'C ( h v <> v O 0< \ K ? UK 

20 ' C 

OW'OH s , e S 0 i' M) V ill 1 

lesion pmwrn o bleb s i ! ? > ' 5 hug 

to Figure 9S who the formation of a cuvnnvFTeaOal eoedocooo block according to the 

i, \ 1 W .v. v. ^ ' 

25 ' NK v. v ' > i < < i 

one complete lesion pattern In a variation of a iessusrvasive t v t procedure 
wherein cucunneremur! commotion blocks are formed along circumferential paths of tissue 
s x n ee, < i b k mrwnmbs 

ipoluo < •> umi x n ' ,r uii. mk o <. ietxon 

30 O , n rut 'iJs,*'.t >i i ! <• * i rtt'Uuiu, 1 

me u nncs e \ \\ h w > ^ -me n j s <^ > h i v Fv im\. in or of 
so utally adjacent >v - ua 

17 

mmrmrm sheet (mm m 



wo mnmm 



! gtxrn ! i >u met u>a 'm using th i 

aeiu <n >■ f * , ot ^ ^ em m- i m i i~Hnmn 

hfoesv tr a mmmw ^ vom \% ^ \". " -on rw:;>w.; mo Y ^ dd' ^ m " test 
dements are used to locate an arrhyihrciogcnie orwiu along the pulmonary vein, wad :•; d w 
s test the efficacy of a drcumfeentiai conduction block in < wall, respectively. 

Figures 1IA-B show perspective views of * circumferential ablation member 

i'OHO I! i v 1 < i , W i U I 

,1 n 1! ' tfi M ! ,f \ <■ si, I v ■> v - v U ,UL 1) J 

s\| >. n eon i i ' i ' v dm v ik 

10 length which is a modified step shape, die expandable nwsnber being shown m a \ o 

I'PiV Mi! 1 1 X ~> f. , - h 

h «h I v > 4 -b 0sV * M v v ^ . m w i it 1 o , - iwwk, 

which form equatorial or otherwise circan.derentialF placed bands that cncuniscrihe the 
vorking length of a wcoadan 
15 shapes, respectively, relative to the longitudinal axis of the expandable member when 
adjusted to a radially expanded position. 

Figures 12A-B show perspective views of another wui»\. ablation a i > 
hi ! i plurality of m lividu ? ctro i re spaced 

en et i t no nh to form < equatorial band which circximscv'tbes the working length of an 
20 \fiu t cither ) a, to a o owt < » et an > <. m 

location that is bounded both , > \> > asm distal!}- by me working ienghn and which asv 
ill! t n ! i i > f t«. d H 

o N f m 

Figure ! 3 shows a- cross-sectional view of another circumferential ablation member 
25 for use in the enconuerenua! abiation device assembly according to the presem owentiom 
uo s f N u ' N ■ ms \ t i m >> ) i an 
expandable member substantially along its working length and is insulated at both tire 
i >v j t 1 , - >mm* t. hv ks > f f 

v.qimm s\md - i m Ul m t o + 1 ~ , mwmow hi 

30 region of the work m length winch is hounded both no xuualb and dtsiaBy by end 
portions of the working length, which member b adapted to ablate a circumferential path 
>*t T-ap ma ucrv % ska nun f?f\ i m - mmd 
US 
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hi o * ! s^c i '\ifibH or& pio 

m ti i wfae? 1 « xf i '' ! r mes ! thowa to bt a < u\ A coerdinatinj wires 
sh ch are adapted to be euaustr o f to a raonalh twrsukk 

>oshioj 1 gage deel? ms e wires * i 

of tissue in a pulmonary vem wail 

5 »? < v W S . v . < > ^ 5 

Mi!, <. t i ! I v v tl 5 i i i MfH 

,J1\ , K < !l| < > ! t 1 x } \ t * d t en i<U 

::.=xd is v <uk> k w< i * v t ^ ! « f ^ ^ t w ; n i«' a 

5 t k 1 t i m \ - 'i n iunteu 

I , < •> w , uumfeteuua> 

h >t t>i <. ^ N v. w< u w < \n k in iAiOf erocnt U 

include a single cylindrical ultrasound transducer which is positioned along aa itper 

1 J i 1 u - s hj t i U it ^ ! i L 1 v ^«d 

condition. 

Figure 16B shows a transverse cros.s-section.ai view of fee circumferential ablation 
catheter show) in. Figure USA taken akxng line 168- 16B shown in Figure !6A. 

Figure I6€ shows a transverse cross-seen onai view of the > \ nk •? 1 1' ablation 
a h > j . v > it ' 

Figure 16D shows a perspective view of the ultrasonic transducer of Figure loA in 
isolation. 

1 .ore -<L i w \ - cere 16D 

with individually driven sectors, 

Figure 1 7 A shows a perspective view of a similar eireturderentlal ablation catheter 
to the catheter shows) in Figure 16 A, and shows the distal end portion of the 
„ u< v , , . - *de \ i t n - ' <. u nwee t\ » 

>x <. > m k -> - v > i 4 s n < 1 i f 

(shown in cross-section in shadow). 

, o B -wron s w s ' > «. CO of a 

circumferential ablation catheter md puhttonary vein ostium as that shown in Figure i " % \ 

V) 
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although shows another eireunfeemlai afeMos catheter whs^ehi ilw balloon has a tapered 
outer diameter. 

Figure 17C shows a similar view to mat shown in Figures 17A-B, although 
showing another circtunfereniiai ablation ea \ 5 pear"- shaped 

s bi ' , n < ^ 4 x i , % v i ' s mi i i') 

of a pulmonary sem 

I : i e iX > Hi ^ , , > * 

^h^h ma> ix- «o:m f >. v ^\ i n 5 in 

Figure 1?C. 

10 Figure ISA shows a cross-sectioual view of the distal find portion of another 

}»* s » ' » » x N ' N s ^ ' outer 

shield or filter is provided along the balloon's outer surface m order to form a 
predetemrmed shape for the circumferential ablation element created by sonic 
transmissions i i * 

1:5 rodar v v a ra own lgm 8 u showio 

I g j j i r catheter which iui aie a heat 

sink as an equatorial hand within the drcuurihrential path of energy emission from an inner 
ultrasound transducer. 

Figure 19 A. shows a transverse cross-sections i view of an additional circumferential 

20 i i S ! ^ > < U 0 O U to 

j n ' ! 1 a < t t i a 

v n n i as o\w s K tin m 

Figure 1 9B shows a transverse cross- see uonal view of a further circumferential 
ablath » eatbewt eovoui eauon. and shows the halation clement o 

25 include a Single eurvihaear section that is mounted so as to position its concave surface 
facing n - i liai > * - tvs ad una owe 
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DETAIU D Ms I HM ION OF THE PREFERRED fc'MKOMMKNTS 

5 it , V\ i ! ' < U > COOO hlw \ ^\ t < 

U ! I dvuiui * 5 c ' ! ^ N 

mdlmodtc d uriuxn fim related ma iodoftreatn n is furthe ite o 

diagrammatical tarn- in me flow diagram of Figure 

1 he -can; a: :r;aaaa :va; b or "eircaudereahar, including derivatives thereal arc 
a; ! a s continuous path 5a which I rder ur perimet 

> h ! i i u ! < ^ sn h 

n s ivUit a .a, an pa is a. 

v>u! < i ! * - ^ ! ' o » v ( k> i ibe 

K-i vti > i v 1 -a v > x , »vria> uoS ^ 

a; s surround or encompass x \ 

Therefore, according to these defined terms, a continuous line which is traced around a 
l\ $\ > x , > < sac t '.tan 

of space and has a V,cwnmicu a which is defined by the distance the line travels as It 
0, w a akwa ov g > cucnm.K:d> v le Space, 
20 ^ d . , t > e > > s . < k f ^'H ,U 

shapes, and may he. for example, circular, oblong, ovular, elliptical, ar otherwise planar 
vi! k o a v v >. h - ens V 

^ x < t > * v i v aax - ah 

are connected at their ends by hne segments bridging between the planes. 
25 For purpose of further illustration, Figures 2A--D therefore show various 

circumferential paths /b B, C and D, respectively, each translating along a portion of a 
pulmonary vein wad and circunwerfbing a defined region of space, shown at «, b, a, and 
also respectively, each circumscribed cegien of apace being a p >rtlon a! a pulmonary vein 
w , a n x e ! t i> • a to < s 

so ! sre'lD ^ N shows an exploded perspective view of circiimferentitu path D as; it 
circumscribes muHiplanar portions of tire pulmonary vein lumen shown at d\ d'\ and d"\ 
\ tich togefi er make up i egisn J as shown m Figure 20 
21 
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Ok te } a & sect » v s h > meat 

to divkls 1 regfona, llmtg each ot t r^ 

circ«msc \* circ sfere k! paths res is the 5 spec-live 

s <: luding amen and its wall to tk extent tut the resp cove 

pulmonary vein is divided into a first longitudinal region located on one side of the 

U \ - i ' 1 <■ v ^ - - V - 5 ' -Ot > 

"F 5 also in Figure 2A. 

Therefore, a Circumferential conduction block" according to the present invention 
is lot Kit tk 1 > > f the 

I ul > u i v t --n ¥ii j <. »\ < the 

m in i m t t \ t v i ^ The 

ras if k there* es electrical < >n 

between opposite , 1 

block and along . longitudinal axis. 

Ore teni c i s he* ereafi* 

intended to mean the substantial altering of the mechanical electrical, chemical or other 
structural aatnre of tissue. In d context of intracardiac ablation applications shown and 
des<. ri mo t m n 1 c > < > 

0 i > > i s *" i k o n mo 

os n n manomha ^ ^ *. tn 

Hi t ) <. v I t , n\ $ t 1 1 nn n » ^ 

, ^ a s > , 0 i r > u * , 

s p v m , \ k < I \ esmuol 

tissue. 

Therefore, at? "ablation element" according to the defined terms .may include a 
nt'K i s s \ * m u ! > 

suitable ablation element for use in fee present invention may be formed, according to the 
teaching': o1 the embodiments below, from a; energy emitting 'nr. " tich is uiapt d to 
emit energy sufficient to ablate tissue when coupled to and energized by an energy source, 
\ ita m w\a\t^ >Uu . «n ( <. us it the <r< t v 1 * ujv foe \ 
<. o > v to v atpb h omct uti f s ^ <> 
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mating curre \< cmwatt some tch t radiofreqoene-s curr s© 

aa cot, x s* en<t\\ nan h o sco^ -ai m- a microwave energy source; a feeslmf element* 
) tail er then 1 energized to emit heat s 

optical heating v,uh light, a , tmtamp ck-mem. such as a fiber p u. v. tv which 

U , i ' S t ( 1 l i l ' 3. ! > S L \ > C 

aUKA'^li . » 5 > <aU V" * ^ s ^ NiX J 

u s < a * when coupled to - >v.\ t \ uu 

In addition, -'.Her elements for altering the nature of tissue mas be suitable as 
kdniaoon elements" under the present mventioo when adapted according to the detailed 
( >, »$ t o t «. ^ 1 ! f i' tip-, o 

% \i vk > t tH ' i 

; ecordu g rt tea< hingt of the current invention. Furthermore, a fluid delivers' element 
sueh as a discrete port or a plurality of ports which are fluid ly coupled to a fluid delivery 
source, may fee adapted to infuse an ablating Haul such as a fluid containing alcohol into 
K- tissue adj at - > < > ! -s tat tissue 

i I 1 * ^ - - x * ndade patients 

suspected or predicted to have atrial arrhythmia, in addition to those having specific 
symptoms or mapped electrical conduction indicative of atrial arrhythmia, 
I e an ? t s , i 
i . uential 

o <. s. o * Oi. \ 'ou tg no i 

s e- e,\_ , aiyo ? or k eV Up . h - i •> t camp- k.*- multiple 

\ ! I' f 1 - " 'I 

conduction block according to treatment step cap although as an adjunct to forming long 

! v. !' v. ^1 > v P i ' I 1 > h 

n\et5\e o we " ^ ww u v\v atdaaoo fTuwnhtw kuoh \o> ve 5 o e >. o a; 

aspect of the inventive method is provided below with reference to a combination 

. i > > I v. ! v ^ oj o n 

to Figures 9A-F. 

inane- the; wpeci > u n - m t ,d with tbeai 

mis (tt o i v ! i - ».\njuv 
23 
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Created a rc ? to ibis m«th whei e < * f s 1 t "s 5 * form < 

aktU, U i 5 t I " ~<-JH <» ~ 0 ' 

! c ? < > ,5 < ' " v * - ^ s „ \ < 0 C v ^ x 

! i s i Kv * , 1 t In .he 

«iU C hwi.!! Mi s \ X u ih 1 

» < i s circumferential conduction block. 

i ? i ?! < , i * t j , , , , si K i ti 

) pAo >- ^ In 

>n Oov 'w. v ^ s o » v *.d.< * ni 

session or other method u o > =u nved by 

! in naturally 

Ks , 5 s K < 0 - i OS v >!!!> U ^< V . P O- I ' nUO 

s » A 1 < >. i \' < ?nr\ v in 

another example not >! u a circumferential conduction block of one or snore otto' \ 
% £ - s i < ' t k era 1 

either placed around the target pulmonary vein or \ translated < nb around it 

«in c K. K 0M„" i ' - 

lufiim u! )t * > a ifo n u f -v ib^Kua 

isi?) i w o m ^ <. i <.» t ^ 

Figure 3 diagmnunabeahy shows fee sequential steps of a method for using the 
circumferential ablation device assembly of the present Invention n forming a 
c.ircurnhmufoai coitc-nctum block in a pulmonary vein. The circumferential ablation 
method according to Figure 3 urciub.es, positioning a circumferential ablation element at an 
ablation region along the pulmonary ^ according to a series oh detailed steps shown 
v b ^ ! " \ ^ 1 ' f * m ni mou 

circumferential region of tissue in the PV wad at the ablation region according to ablation 
step (4). 

t po ■> ^eoroh fee an if, h 

m ,ulice< i i ! i >< i 1 ^ a » a f[SOf } „ N 

method, which u. fender described in more detail as hollows. The right venous system is 
\t u s I n v i s k v. e;u , vr a v ^ (s k s j c a 
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vein} is punctured with a needle, the punetnre wound s dilated wiih a ddaior to a size 
su u em \ « r * m 

hemoatasis. With die imroducc-r sheath m place, the w .d - catheter i sheath is 

iitt Jy u Jtr «j ! v. > t ^ 'OKI 

peripheral vein, into die region of the vena cavaea and into the right atrium. 

i t » v « « •> » ' a t v. t 1' v »\\- ><■ v im It <hpM 

i\ k to o\ il ifi I t i t J h. i n t x t 

dvanced t She fossa ovaiit;. A separa 

< da r u n*. N *> < ! ! 

I ^ i o i k a, ' r t xv s t au i t 

eaiK.t t\i\uiv - . i , tt x 

» d s u k n ^ h t v k - < lN ^ - r E - 1 ' 10 

the left, atrium. 

t is h vu 5 t t ,ontem;\uv-, , s * * * us ^.CvSn i hit * 
suite s > s ! 

Invention, in one alternative vanatM ndi shown, a 'Retrograde" approach may be used, 
^ x i t « ~ otn ^ .u i »»' t> o n i'in*|p!r,T.i!v \n fa 

this ^ « oa the Sdd» « ' ^ « * < * - w m ee <o s » n . a? , w * am ne arterial 
vvleau i " ! tin \eaoav " tuple at a femora ! '■■ V eu/ana e ahe^r \s 

d\ o a j rough five aorta ->omd at to ic m into he entrick nd 

h < - t/ii'flM 

N! , x U Ut ,r»ta a-, asx ees Ki 

x> ( ! " step (3) according to Figure 3 next includes advancing a gtude-wire i»tO a 
pah o tr> is s geaeralh f ed in the fossa 

o a u a t ! 5 l wr, ot 

variation may also be advanced nun the pahaoaary vein by directing -t into the venrwUh a 

ecoud sub ' livery call t shon s < ) * f <t » I 

catheter, sach as, for example, by using one of the directional catheters disclosed i.o US 
Patent No 5,575,766 to Swatta. Or. the guidewire may have sufficient stiffness and 

v u xetahd a On, hit u a unitx o s , t A\ - cd petmoruUs vein 

t ualh o t v tiding x ete eateds t € to saovalis 

25 
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Su ible gunk* e siagns tor use t* overall dre< en i *bi n device 
rehuiveh stiff, toreyaabie proximal portion vdapt d > \ ; tht Aaped tip undei a raj 

\IU1 111* OlttlttJiR * t O • V 1« U 

ssujuWc In t. is bos ^ I s ! v. ct ' ? ! a v 

oda, a k 'e^ . v ^\ > < -si v v ,v < v are us«4 

eusdev,re> Ocmy n o a ^ - . ft <, i ^ 1 - K , o its 

bdieved that ^ - < mihin this slee mage may be required to provide sufficient 
f tt(K ^ Mid r 4. s > t i ! 4 s a , %\ s couhol and to proved 

undesirable gaaievo.re prolapsing within- the relatively open strati cavity. 

M bs> p v ! f ! " ^ s NN > k N f^vf 

H » , 5 Kl i <! < 4 f t v> . S > 

H <„ aos i > ^ Ik > t ^ \ \ ^ t 1 -> < s i ua> tt utt d 

hi u 4 , em 4 v 4 5 t 4. ^ <- h one! e ^ t 

conduction block is to be desirably formed. 

Figures 3-4 furtber show a circumferential ablation device assembly (100) 
» v.! i 4 , i at n\ untie* dtmri; use m pofcroi «, p < > < and 

-> > x v 4 5 Hltw kilt 

si oo 4 t a s < s <. ^ a . > x and 

us. * , vl i > s . !% 

v ■> s v s ! i a, > ilo nou« 

> l 0WJ 1)4 kuV ! ^ ! 4 I f> • 

<absfeaen; u ab reaereent e ; \ < sura ^.Ulu; e j cot sea; vein also according to 
step , of Figure 3. Figure 4 shows cocnmierenhal ablation catheter (103,1 as it tracks 
^ lonlb * i > u <! < 1 ( vU > ^rueb is 

^ I I t \ ^ i ^ rw , a a t a \ ^ o i * e st 4 - viae m poi ^ ^ 142 J ^ < 1 1 
on the distal end portion (1.32) of art elongate catheter body (1 .30).. A geidewire lumen (not 
shown) extends between the first and second distal guidewb<i ports (142,144) and is 
adapted re siideabiy receive sod track over the gaidewire. hi the particular variation of 
I uv\ K the second distal guides e port ( 142) in ocate \ on a distal en p* rttos (13 >>' 
the el a <. carter bod) ! >0h aidioupls. ptovnuUy of *n - > IV* 
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d,s ueme. be apparent io ore u otodnon ns'i me o^ul ac,de\sve madan> 

H d t t t <.\i > s et\mc . Co < C v , <\v i 

n } ui s - > m „ >v i , ^ s ! nn>' 

kuagasd.wn- '< 1 i the provnrul p -w - *\ - , a , . aa cocai-op adtieh 
allows for a reduction - the outer a. : \ o, of the catheter shaft at that region. 
He ertbel a P tmb.e; ate sp « $a? design which places the second distal 
guidewke port on the proxirnai end portion of the elongate catheter body would also he 
* ce hi< esc » mple, with reference to tte perl o c nbodimem 

of Figures 6A-B, 

.a u.t, x > h „> , e , , . t , a v v o\\. a >«e 

between first and second ports, as provided in Figure 4, should not limit the scope of 
acceptable gakkwire tracking members according to the presem invention Other 
cfc i ly receive and rack ovet 

i guidewke are also eonskkt eepi&bka such for exampl roc m tdapted * 

^ r i t \ s^ 7 C to \ % i v. * : tr ^ > 
which is hereb\ un:**rf<»r.uul ' tviu mce herein. 

VI Sxi h i t 5 conclude 

s guidewhe coupled to a guidewke tracking .member on the clrctarrferential ablation 
caihetcj s the; detailed variations re a also be suitable to: ~< si u nine dae c tetanierentkl 
>h s J w a * a v !Kf\ ! m a , •> ok oo 

Shore < \ ! n -e v . * a eS J ,.n,i" I v i tv s an 1 

a t\ >. a ^ v> < v 1 < - < } ! " at 

ojx iau la t.u>aaej caw ate i,".om a . p eb-sol \\ ' ; desert ed 

s , , ^ 'C {< V S - <N,N NV , ^ > in 

into a pulmonary vein may also he used for advancing a circtmtfereotiai ablation catheter 
device across * atrium and into a pulmonary vein. 

Figure 4 also shows circumferential ablation catheter * with a circumferential 
a I n r <S u.n { i \ unhihle member i^'i <. i > v u> 

'h is -Ik iptxu d .*j i ok res- ascot* s 

i * s < i eii vers 1 into the pulmonary vein according > i < ep igure 
3. However expandable member (170? is also adjustable to a radially expanded position 
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uik t v u c i ^ . t ! a u ' * - m^ ea v - 1 > m >s <, en 

i O- W J <■ \ 0 " <■ i ' I v ! v \ v' K 

sxpasded state s) wn in Figure 5, e> < > ember < Indus w< 
Lt» h ao «. - ^ ' * *i ^ , 

l>„t:o ' > * ! in ov x t > mh, mors the 

exoarsded outer diameter OD is i u to v <■ ? K engage the ablation region of 

> i i - i <o , h ! < - < <■ , ... - ^ 

h length of an expandable member which, when in a radially expanded position, has an 

! i U 1 ! !i Nt f >i 

10 < < ml > ) ■> ! f s i * £ oox u 

> s . jo' v.v i * rnroxndtrm tn - > » , wsx< \ k <? on two 

j[M !" ! t ^ %n s *i ,n 

« J a e art., v ad\ s 0\ e V>V •member, 

Cireiniifereniial ablation element (160) also includes a circumferential band (152) 

15 u K o $ i ! i i i t a 

proximal end portion of the elongate catheter bod) (shown - hemakcaliy) After 
expandable member (170) is adjasted to the radially expanded position and at least a 
p< to x f > > tine 

ablation region, the ckeomferentiai band (152) of the circumferential ablation element 

20 <H> is actuated by ablation actuator 0 90? to ablate the surrounding cueumtewaba! patb 
of n in ai> i i an v v i J » thai 

^ < a ! v > \ * > i t * a >v t I 

> I , v. < ^ , W > t 1 l> 

Figure 6A sbos nfert theter (203) dxa'u 

25 according to the method of Figure 3, svhejem a perfusion lumen (260) (shown in phantom 
in Figure 0B; is formed within the distal end portion (232) of elongate catheter body (230). 
I be nerhsawo b;mor> ; ws h bus wn; >k s formed between distal perfusion port, 
which in this example is the first distal goidewbe port (242), arid proximal perfusion port 
ximal perfns s t f longate cathel 

>o <. „ v n m v ! t i a n j n 

perfusion lumen between the distal and proximal perfusion ports. In the particular design 
shown, abet the gualewue has ptowbed f.»r the placement ot e - a <r element into the 

2S 
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- ^ ' • ndewinj b withdrawn ptoxtmaih - v p^,eaaj oerfo^ n pen 
14) (show, hema h s s i « he ports is cka 

•OOVfsF.' | :]oO t I tllO v 1tM?l i't.': f" : "i ■ N £> pott ^ ' Pi M* i\l s i\0 ' A f TlMM 

5 * nor <nual * \ th in vm 

Further to the perfusion design shown in. Figures 6A-B, guide-wire (102) is 

x> hh tied in a gunk I \ n ! 

Kid CVt) lo 5 * t " i* * v ^ m ,vsi/i, t au t> *. h e p* a 1 i ^ mi! 

N < ! (O < < 1 ! > i * 1< S<m ^ U Js 

so eaJ\ ocih, ofovv.w Jot v da-<n u J s miwo c ■> >o 5 - s > cranes 

top it in (> ^ i v - w< ,! ' xst <\^< w \: ^ n ! ^ %f t 

ar; d ! i o Js i h "> i 44, 5 vu , ^ the 

<. t nu ! it i < t t ! 1 1 > <.u ^ 

KHl - - v V v. 

15 pi another alternative perfusion variation not shown which is a modification of the 

u bo 1 n j > ' % * < e n t 

port positi j tv v KbeJ 

(270), which allows for proximal withdrawal of the guidewim to clear the "ie lumen 
md >u i form >erfo.sha en betweo? ladeo ort and the 

20 pnwauai petm^m port The aoJmwm o? "no nt maww w^nuai, howv\c> wmavw 
<tw n o< nn on , aa o re lumen herween the s.aoea >h Sal aut^-one pott « ao t' 
proximal perfestoo port 

Passive perfusios o - j :pan a a %) - *q md > mes he? 1 Ix ieved to 

S5 h ft s O m >^ . 5 ^liO d k 

25 Uo * ^ ^ ^ ^ ! \ i ' - i" ^ k 

t ^oihl e ne si t <■ , >n ; . ; sw v p n > » ^ " w e <i .< - o o< I) s 

t W F<< ,e •< no t s>n 1 j <■ ^ - o ewdt <r ivskk mdxe 

thtombogefissis in the poimooan' vein distaiiy to the expatidable member. In addition, in 

^ ^ < w i ! c to ! v > ^ 5 t > 

30 > s sv i v ^ v ». * the 

\ hisiost feature according is 1 s s > « ^ o provide >Utig 
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function in the surrounding rcg >n, inchxiina hi the blood adjacent to UK expandable 
meniber. 

dditjon u c perfusion structure sskh * > ! « 

m «. n <mt\ , > ts t t *ni 

ltl(^ i Si > > t ^\ v ^ O k UiUoL 

substitutes according to one of ordinary skid without departing from the scope of the 
present invention. 

T^c-m "* os p tj-om - " v!t N 1 K w u * m t M 5 'It i 

device assembly subsequent to forming a circumferential lesion (70) around the ablation 
remon of the pulmonary wall < according to the ose of the circumferential ablation 

, K< IV i V 'l ' I >. f 

k.wi ioi it v fop t ,i t « n t t v » to it pii^> > v i x t < « nd 
,,\lkW\ \> i, id urom > s « v ? "Vniuci .< <. ^ u ^ompU 

1 rmmh , x <■ i » m * . ~ Nt.k t sk \ t AHo (he ckm n m < ' » ■> n, n s .» , 
in Figure 7 to iarrn a Continuous" eircuniterentiai band, which is herein intended, to mean 
vithout ga wail eh-c.uuifere.tKem.hfii 

pulmonary vein lumen. 

It is believed, hoHe\e,, ,taU ctmurrdemena! << e fokmoe meh \ chxmrnierenbat 
bia tent ! be present invention rmu leave w - < * 

t n }i <s \ » e < o ^ s o u < b < en 

which u> ubstant tl enough to >v b th p >s; oof cot iuctive signals Fhei tore 
the terms 'transmorar and "continuous' ' as .res; denned are intended to have functional 
Iran ie-ns whet me tissue so the ablatio t i< 

funet onal gaps which a;k« t nak to cond 

! vvm^v.. : it'll 

Moreover, it is believed that the functional!) trao mural tnd conunuou lesion 
iUn it <h t k . m > -> 

in fee rum mat. ^ e <o,b ; emu: * , - v < s > d veil 

u r i y 1 * de of tl t e$ o 

.me the mreoo or mo <<me< ! -fiemton mo Vet ( m ,vnrm anm hmopeu 
v rmu <n ^ nut s m-> ^ v r 1 ~ > v t m ! ! m < to I t 
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therefore nullified. 

I i» J' V Ji show a rurthcr variatioa of the present in- <i u> wherein a 
n cw) it nbw w ro'ua r < h v w s c\ WW >: irons 

i V0» which L\ wiapwd , o ^ i puinwiui\ ^ i*hum « * .=? Uol .« \ 1 by 

5 if ' ' h ' i W v 1 W v f f i ! K C (< Mk 1 ' 

i > isted to i 

( ii 1 i i 5 v v o i ^ 

p | i i> < , 5 5 v f f f < s ! ii t k 

ii> a \\i , of the ewpamied working length 1. of v v i v ablation member (350), 
which includes a circumtcterms*! hand uW2). enwowN ihe pnlmorwry vein ostium (54). 
1 s >uk 8C shows a portion of < »c! * rcumfereutiai 

( ,( I'OlH'U K <v| 1 > s ' 0 < K h l> K i K« 

Hit cm uankaemwi ah anon e anwm w loan the ckcumion alia! kwwm 
15 fa dJdi tor to < o vfo r < < sW p an >n u mjisio nam - r ! • h e i^tm- w~ >> 

s also show* ?B to s. a 

posterior atrial wall which s«no«ads ostium (54). Moreover, circmnibremiai hank (352) of 
the circumferential ablation member is also thereby adapted to engage that atria! wall 
tissue. Therefore, the . vuiki ^ J \ ! t t block termed according to the mevhod 
20 5 > , < > ' * ! < - - a\ ^ ■ -\ B„ as shown in- 

part n Figure Hid includes ablating the cuwumtereoaai path ci atrial wall tissue which 
i < «\ s < W,w.tuwh we earn. s * s < < i i > i 

-.ciei-v w i"; W\ i m.tv. W^ a .m 1 ei a, r.; wwt n- i o , 0 awal a.Ph o-uum 
secludes die other of toe pahn.on.ary vein osiia, as would be apparent to one of ordinary 
25 V t o ^ i v 1 en en hi I es 8A-B N n, he 

wk\v.5t a to the resulting cucmorerential lesion (72) shown in Figure SC. 

I wee- 8D-E show scolder highly beneficial circumfercotia! ablaut »n device 
^moois o v 1 c i v v < U „ - - i <. n < f 

wbw w w r<>t uw of the left posterior atrial wail. However, wuike the embodiment 
so ww o > ^'^w t wsw sv ^ u . , •> w< J rv SD-1 

bodinwun isolates ti ^ t aiw ussu e iuo 
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circumfeiential conduction block shown in Figure 8r< 

I lore detail e 8D show ml dc <v s n 1 ^ x ^ ! \ 

KA-B. except n e mi m n i baud (352b has a geometry n width) and 
- , sit on one xm<l. * . mar c- - ^ v ^ * r A Urtc - to on. 1 ue onh a 
ehawetdcrenhal path oi tissue along (he lett posterior atrial wad which surrounds the 
I uiu o i ' i v ! 

^ n * v. i ! 1 v. s Ji ii Ik 

viKS iOtCSCffi ilF, M s ! n ! 

H; Q , i 

hi amnher variaho! 1 ^ chx on 

shown by way of example ;o Figure So. Sach a pear shape may be preformed mto the 
expandable member or balloon, or the member may be adapted to form this shape by way 
iS < , w m v< i d < i v u i s < iu ! vi 'pi>Mti 

t (.5 5 1 ! I i ) 1 t t v 5 i ■> M 1 - 

variation, the circumferential band (352'} of the ablation member is preferably placed along 
the surface of the contoured taper which is adapted to face the left posterior atrial wad 

! « ! 5 v 0 t v ! V i i i 

.20 that the ablation element may be further extended or alternatively positioned along other 
I > no > t r| v i 5x ) ii I s ! ■> i ! it an 

i»t u 5 v o , * - o x s m * 1 t n 

may also adapt bus part;c;.dar device embodiment tor use m tormmg circumferential 

OftifkfiOO | to J v ' ' ' „ > < i i 0 O 5 

as according to the previously describee method shown in Figures IbVC, 

5v ■> ' N > m > <> < < s ' 

path of tiaxae along a left posterior atria; mall ami which surrounds a pulmonary vein 

, -o s<, , i ' ! x \ f , i v ir u ! 

-> K r c J <■ s It i f ' xH i (V HlOiu 

SO • ; a" s o i = 

vx uu >nt K i \ so t i 5i s i 

embodiment iitusnated below by reference to Flgore IS may br adapted to form a "looped 
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wail s ^ of fi&^r 

which surroarJS .5 \ cm esoo:n T\reao.,f, the t ^ ^ i 1 i m <J >r w ho . utt d \> 

i t 1 l. SN v ! v! St 5 

inaeen. [v m edp cm&'tH * i v i 

device or method variations may also be suitable subclones according to one of ordinary 
skill 

Hposa- s. \ P , < ! c \v v , )v <^ * ^ , S < -^mi ' 
x u to die present invention so is is used to toon a circuniferenoal conduction block 
,c a'KS w I 1 > -> » ° ^ 1 ' M 

nnx< he 's ! 5 I ' u ! i! o 

along the left atrial wall. 

More s >cot v i! 'or \ ! s tws j vcmuutr> <d steps Us 

performing a 'dnazo'-dype procedure by forming circumferential conduction blocks that 
intersect with long linear conviction blocks termed between the pulmonary veins. As 
llsdosed in eopeod >at c ^ < ^ x led » st t \'i Union 

I wc si^ t w >* 5 led ha Mschael esh V rdlsv 1 ' loo? vu,UiAliu 
incorporated to its enowp by reference therein, a box-dike conduction, block surrounding 
an arrhytkmogerbe atrial wall region bounded by the pulmonary veins may be created by 

ii !l I i > 3 | iKlK s n 

i. h a K lh <w i ' \*r J ps ! i < * v ! « i t ' 1 <■ ' 

than > some particular applications, sucb linear lesions may be \ sufficiently narrow 

\ h <.sx<, i s.'b * ' < c! o i as m s w mu<\t 

iereby H t - wet em which t ecerd oi hytbmie pathways for 

C "3 \ x < >x i ! < i S!n 

< s-v x i v v sou block 

^ i id as s -oo i \ use x v. 0 j lath 

\rx .wm ! *. e xs < t ic kw 

n a further variation to t odimen il 1 

D shows soother encomfere > device 'd 1 > 

cireumtemntut; and Uccar to „n v i 452,4b 3 \ tespeeuvcty Cbvtm-fereomb 
! uut v, 4 ( d*< sna include «n expandable nemKa \~{ vine! \ ! 
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>■ sixp^doi posnioi th;u b a nrao a roderiyiag catheter hart I eai 

J dto .r'^'itoV.Muo u- * Sv* iy ptoxsmadv hs >m me 

term ie- si* s s 

^ n. n v , ^ i i v t < o 

a first en b >< v i 

x brape I ' 
bod] n the region of the second end (4( el ! } s! > 

S hs ' j! * * m nm t 

i h >; h <■ t f i . mt ib 

left i s i wall between the adjacent < < > i to boa the br-oar ablation according to the 
method of Figo i he use of skat v * i is lltrti 

v . \0 t * » a , s v . i v,b 1( v Muh > tr 

example am intermediate gmdew-re -racking member adapted to track over a guide-wire 
otgagix o the nulnunnu v v^; \ , t don dewirt racking 

oen.i (4o< v d o r > i <* r gohlevore (469). 

In a yei a further variation ro the specific embodiment shown in Figure 9Eh Figure 
9E shows a eirctmbemrafol ablation device assembly which includes both circumferential 
and linear ml O n vol (452,460), respectively, e . i v t s ! n member 
(450) is shows to include an expandable member (470) which is adjusted to a radially 
(. 1 n w \i n ; sn > i 

u m t i. O > ^ f < s v t s v v t , f en* d 

abbdon member (450). When expanded sufficiently to engage the pulmonary vein walk 
expandable member (470) provides a? least a portion of an anchor for a first end (462) of 
near ah i m< er bib 

\ wet ver, ftwvmetkx an' I I tri t 

v ^ ! * ! * ^ i ps f< nsrposeo 

i 1 o f i s *• f t t ! t N 1 

then are connected thereafter with the circumferential conduction block. However, a 

v i ^ ii^o <■ \ m ^ \ < , ii\s ie^ m 

or conduction blocks, or « any otter combination or sub- combination of sequential steps, 
no Son * \ c es Si g combination of iesioos ,-rcummre-n rl block o 

! V, s. VV,to if ? N , ~ 1 I'M* in. 1 
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t s b „oraicc& the m r , - a< Utah ea.unw us \ h 

of tissue which sucroimtis aud electrically isolates the pulmonary vein ostium ftona the rest 
f the left posterior at ! wall, such s for ex p ! < c 1 ! ng the embodiments just 
hown and ctes< 1 eferenc 1 BmvU* diment >nr* o 

shown and described in relation to Figure 8C above. 

In tidso i t t s 1 u v. i * ^ x > 

n vs < s t , , v v » v.' hi 

l< u conduction blocks device assemblies and uses in order to perform a <. \ e 
"rt ,< bow\ o< , > > ad < >l nen] . , - > \ v s 

results by <. m a enwaoberenhai conduction, block, formed according to the previous 
cnod> i ! * c n v r + s \ i <> a 

u ,k< a 11 t s ' : ,te>n lidi ret ^ a5 u V i t M, mo in 

3 ) | aura > ( > a - * a ^ ' " no a o - a 1 :^ao if P a ; 

mc?eru 1 * ^ ohk i * e 

pro\ «m 1 m v ! a s^LM v ^ * u »«f lesion 

«t« ? . - i J ^ . > > » ' 

PsMtio < ! ^ k < n ! ! i ! r 

m that the v >. > * i ! conduction block includes a circumferential path at wall 
oa\a, WK ul! i v ' • > < w . i-a d ^Sa a n ' \h • , * cent 
i Uii'vs > - s a v! 

, a un u 1 u i. ! » < 5 i v * j . if 

ivslii viMK o\ i - a> a of sea nr- a haw- 

awash ruv ; ; ec (not shown) wh< t ? i > cttt 

i »i -o i i ' < ! " * i ' w: ' v x 1 itnn uuntsmh? 

x ^ a an at w<nu set o v •> ^ 

linear lesions may be formed between the various pairs of adjacent ostia and with just 
sof.fi cleat length to intersect with and bridge the corresponding adjacent carcianierenha! 
bfo « « \ c-x * c e. n in- two ^ . ^ t ut^ V a.cd ;w «. , . > wj;owos d 
eoceeanv ifoww and the lour bridging, linear lesions \ ubb tec .a Icvtojt coo he also 
formed between ai least a portion of the box -J ike conduction block end another 
predetermined location, snch ts tot oiuplc the mitral vdwe annulas. 
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s 1 tl s k>v ) el M$m variation lot totming siretimferer fi d conch 
bbel ongut h ' ' ! s on et n. r , La j>um\> 

"mxV'-t\pe pcoecdure. According to this further \an<vh :\ foe ^'.r-iu-'io conduction 
block patterns formed around each of two adjacent superior and inferior pulmonary vein 
5 oatia are shown in I merges ! v v ^ •• 

order to form a conduction bbek between the osria. Furthermore, the distances between 
the inUrior and superior o both on rhe rtuht . kri side of the posterior atrial wall are 
hd c > ee « t n , ^ k s , n o ! n 

inferior ostia. Therefore, Figure 9H only shows the overlapping circumferential 
10 c.*H>hKfi>w Mocks is, , ! - > \ 1 t wva tbe iweiw 

,0*1101 rot s v 1 on- wkv Wa - en foa , - ueet 

< > eniec^rcse 
linear lesions will not be required to cure, treat or prevent a particular atrial arrhythmia 
condition. Ho we ver, other combinations of these patterns are further contemplated, such 
rs as tor example using only overlapping circumferential conduction blocks between all 
Kb cent pai * e left atrs 

Figure 10 diagrammatical!}- shows a further method for using the circumferential 
pi s a d ^ the 

puli n j in are mon tared foth ; sensing el men? be nh < j du a 

20 u "> ! J { )U i t 

mrmfeg a amdi'dmr hUnfe mJieet. J o atoo fos m 1 some Un no otder u cofohm thai 
fee pulmonary vein chost ah N w ! ttriai arrhythmia 

Failure to confirm an array thmogemc origin in the pulmonary vein, particularly in the case 
ofapatieo 0 umm*ed will focal en 1 ie the need momto so in 

2$ - * 'vt mow w^ ww r \o - ^ o- w ; ^ mb<-pj ;.;few,\- e , fee heart In 
addition, monitoring the prwabiabon signals may be used to indicate the location of the 
usi s ' 1 ; > s ( 1 ? ! 

i n 5 > , 5 <i k s 0 fe* \ I n < 1 a 

! ! im s i ^ ) } i m S \ PvN I «0 

30 W % v v v n\> 1 " ni « oer el J 1 o < * < 1 < < ' > d 

origin end into the atria! wail. 
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In addition or in the alternative to nKmitopsg- electrical conduction, signals m the 
jsrru-i \em rua ' > ^ « w!/!h' als<s 

stvp foh oi the moth a eiTwme 50 Vfos v nv- ,u:rc ' -oth - 1 m testing the foficaev fo 
the ablation u to a a vomruou v«.uwn HkL uevou-t euhahmoecmc n< O >\ 
\ttb\mwam Bring from the 1 iiU tbcus will not be observed during signal 
ruon s a a < m momm wdl -onea usv,a ; v m^ ,w s 1 >. emuUui 
and transmural lesion formation, and thus would characterize a successful circumferential 
conduction block. In contrast, obset-vation <h such an hythmn genie signals between the 
lesion am m d i <- e or dX*. nti uo 

.iKiurfcen s \gw , > x < ' " ^ e <v h m d 

for a subsequent follow-up pnwedww such as a second circumferential lesionfog 
procedure tn the ablation region 

\ aw i i ' •> i 1 i 

( one particui bodiment not shown, t >e test 

electrode is positioned on foe distal end portion of so elongate catheter body and is 
esecuicaih I e urce for fsri t surrounding 

the test electrode when it is placed distaiiy or "upstream" of the cbctarrferential lesion in 
an 1 f'n t mmlate a m m:fofomu ; I w e - 1 gewwJ\ t ui foe 
tv.hu- rev . i w , 5 , i ^ such 

future physiologically generated aberrant activity along the suspect vein. 

fo <. t u ! s < n rf< <. < t 

iu k 1 « .as K ns -s a ^ , < m n c.vS ~ v. fo < <. t - >o t i the 

„(K i U v ! M v-C , , S < \ * ■>!<!<!! = 

n \ f S ! I M i ; > 1 ? 

element itself, as will be bather developed below. 
< h couth enjfol den sleauwr 

The designs for the expandable member and ku, > ablation element for 
use in the eimumforcmial ablation device assembly of foe present invention have been 
ie\cri vo poetically with mfemnee t < foe embodiments shown m the previous 1 mm - 

3? 
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Example note specific >andahk member an< uioo eies v b di ems which 
t x ' i i n 5 •, t s ^ >do^ ^ 

o < i r It is < \ . v. 
members shows in the previous figures do illustrate one particular embodiment wherein 
arc dexent > f * dement c s ^ >ute urface ol m expandal 
e , 5 s< x i mber oi i - * «f one < 

Jot is eh cu' * - en 

inflatable balloon tl s > si N 

fluid source. The balloon k preferably made of a polymeric materia.! and forms a fluid 
chamber « \ i s s < s > s v>> v 1 <■ n i 

<.\fe\ <i\i! < x v <. xiKK $ vK i s >ju p>\im«h\ in a 

i 5 b\ns 3 i <> s t > ^ i S > ,i mmh 

n mi. s > ; s > « Ic eo » v i.«'tb > i 

„ v » hK^ '.icr'I n o>o\ u s I <. 

CTET""}, pol t ! to» radial 

yield i s v « led into a 

nfu'r , irsi dv mi i ' < 1 f - - - - d\ >« Seen 

mto th; < ^ v » v v s s * in 

il uu hi tbv i v » s 5 « $ n d 

x a (je v. , ^ vs \ m i u-uoa ot til i vK 

patients, Therefore, a n retther < ^ I that a kit of multiple ablation catheters with 

*nt I \< \ i f - a% r h* t < w » n 

provided from winch a treating physician may chose a particular device to meet a 
s o i * N x ■* 

In an alternative c mo sf .-baboon riatua I 1 1 - con tre ed of a 
i n „ v x ! \ , < \ <. ' V; i 

i * , ' nhv. b 

form of a tabular member in foe deflated, non-expanded state. When the elastic tubular 
bakw v ok-- £ I \ d 1< - ; e h i ^ bee me< ^ 3 n at o.h \ i < ■ r>; S ,aO „ , t i 
the rnateri; foiming the ' * - nfordai member ehevdeaHy leforras and strembes 
radially to a tredeiern cd di tnnt h given nflaUon pressure It $ i d^e? 
3e 
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come npl * e> at he corapiia balloon may ht cm - r, cted i a on posite, sm a 
^ernrb 5 o-\ « 1 > > I x - v * v \ ^ \t<' K 

\ fibers, wl e skin. Sud i ^ a 

nrvietemma 1 gmvm -ovh umrmesb es 'aam, nas ; a-oah i \ : a mn h,x -ce aion > 

5 a ?t :;:<;•:. preferably limiting ! » a compliance of the expandable member 

I I i ! ! ? 

it is believed lieo\ among other features, the relatively compliant variation may 
pr ui t i vsi <- ! for < wld > et> of 

faberroo < > v ' de-s 04 

ii> T r:!k" > i » v < v ! o f e es-t 

s | i i i \r" \ i ! ' s 1 ' N ^ ^ ! i m 1 a 

ouwnve u\>.u ^ u . > t \^ , < e all aed 

baiioca rsbr.ed to t!^ vessel a of t 

variation t * 5 ' 1 ! sen invention decan I b 

15 p s m" a j e > > , i „ i vi t i [ > b 

along da- Inne: lining ai the pnbm n vein v al 

M<m > v l % » > bse 

geometry of the pulmonary vein ostium, at least m pan by nremdlm a- tanaon^ 
< h v ' ? 1 n>a < i >r i ? v o< !<. by 

20 < t «. * 1 o \ - Untl <^ t i * ' > 11 v M nv nv as 

provide* ign of I BA-B c work« igth / d exp ndabk 

ncmber( 0} is also sho eia ! ier diaraet 

from a proximal end (372) to a distal end (3/4). in either a compliant or the norx-eompHaot 
!<>!>> v x ? Sok ev a am ? ^ "ami! tHatnm 

25 element to conform to dm fomamang geometry of toe palmoeary veins to the region of then 
v oek hers 

o v . < > * i ! 1 ^ a ' < 

hroughoirt the rns c le element Is 

coupled i n ablation actuator {19 Vbklk \satca ( I S ene ! eludes a idio 
30 set s i RF i current iwci toot % t) 1 * s >tspl 1 > boa the PI el < 

d> ?ki ! _ * ! x nu i a on . > > ^ a 

an Rb cnenj? in aadstjon, ablation aao.ao; d° ! n gretcrabis indixk? a monne-riog oimtut 
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(not shown) and a control circuit Coot shown i which together use either the electrical 
parameters of the R.F circuit or thsae- pmm®%® -smh-as totpemture in a feedback control 
loop "i drhe av.ua iK ' 1 om\ie exmcrt dtnr < salmon Also where a 

plurality of ablation elements or electrodes in one ablation element are used, a switching 

3 -SkAO- > t I v V V V.' % . ( 

electrodes. 

Figures 1.1 A-D show various patterns of electrically conductive, chcumierentin! 
< < , ( > < < , \ * t , j v i 1 • »x * ne 

working length of an expandable member. Figures 11 A- Ft show cireuotferemuu ablation 

us oo't i > t w j that 

<. ! . < m < i 1 1 v ' N 1 * 1 c 

x v p * v o ; * H n 11 to m x to a 

ntessnnAahk h J noukc AAfo. and further shows electrode hand fcireomferential 
< I iati a elcmei i - x - - (554) to 

i« ablation act I h • s ! > n 

skin wall of expandable member (570) adjacent to electrode band (552),. The purpose of 

tK <, i Uf " >!! ! It ' «. *\k\ Ot A) \1 - . < < < a 

I , i - t < v elievedto 

reduce Use tempera ! e < s ! cm element da lot RF 

29 ablation. 

The shapes shown collectively in Figures 1 IA-D allow for a continuous electrode 
band to cueinuscrihe an expandable member's working Icogih over a range of expanded 
t it > i i f yn t < a u u , f " 1 mh v s > t h 

baboon as the expandable mernher. In the particular embodiments of Figures 1 1 A4X this 
25 feature is provided primarily by a secondary shape given to the electrode band relative to 
the kusgoebn , v e > u\ me,m o , \> ' d ' rl to vie ban* 
Sfdnsthn- sbowa l.VB c cine secondary ape of a modified 

step curve- Other shapes than a modified step curve are also suitable, such as the 
^ f , ^ > , v i si u i iv < 3 Other 

30 shares in ,nkhiion » ih.ow -fo % m hmu'es 1 1 VD .cvi o'hkh • <• „ Aw cm * net one 

es entsarc arah^memtemmated witffeibe cope of me j \ 
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In addition, the electrode band provided by the eircumderemiai ablation elements 
shown in Figures ilC-D and also shown schematically in Figines 3-6B has a functional 
bkodvidth wrelatiw ct! mbudn <s > . t t w < i onb required 

OS k ittK t > b n ! 
s v h - not y * i " aw. < ' parallel n be > giUkh a axis in omtast t > 

ai hot the 

distal end portion in place such that the ablation element is firmly positioned at a selected 
region of the pnimot - 5 idth w is srelaii eb 

■0 h 1 MM ( '!! ! t ! 

than o dbK . - r o\ is \w ^ - n > - ^ u< ■ court 

additionally, it i* to b« * ! 

\nu 1 w h \ t , > 5 c 

pun ith a .1 v - , m.vi v .wn i km Mk wihm' a.Rt' 
15 L 

hi another aspect of the narrow equatorial baud variation for the circumferential 
ed > be re ith j t arrow when 

compared to sis own circumference, and may be less than two-thuds or even one-hair its 
own cneunohm? w s e a ik-m \vhkh 

20 U V. , V i 1 5 ' V..!} IN 

< <n I t t > 1 ' ! " v ! ^ * 

length when a that is greater than 1 ,5 em 

Figures 12A-B show s further variation of a circumferential ablation element which 
i < I •> - o, i v. > > i < n v 

25 O f \ ^ WV <. i -W'S-- - ' v U <, ,< nit! 

band around dm working length of an expandable balloon member. In this variation, a 
phnohty of individual electrode/ablation dements (562) are included in the circumferential 

(. ' s U t V <. Si t i - ■ d? 

u an v. c ort^ i . w-o , t h nth' 

30 Tbe s -e and waj www - th w s ^ ■ oL\ o^e thmw * '*>«0 when the 

* k\ i laptec t )<« rsabstanrisily contiouot < 

pulmonary vein wail tissue when in imimal contact adjacent thereto, and is further aoapted 
at 
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between a variety of radially expanded positions. Hash individual electrode element (S62,t 
has two opposite ends (561564), respectively, along a long axis 14 and also has a short 
%& i tkmed sue »at < s 1 i t icot e relative 

' J axis la of the elongate catheter body and expandable member (360). At least 
ore ot the end < * <■ s , , 

individual electrode element, such that there is a region of overlap along their 
circumferential aspect, i.e.. there is a region of overlap along die circumferential 
coordinates. The terms "region of overlap along their circumferential coordinate" are 
rvw" \'i o " -. 4 ^.v- v ,1 < \ ' tl In v ti 

ret -nt ? i ! 4 >. n mee On.a 

te n n < < i ,'.e <. f ( > n ! t,n 

along the working length which accompanies radial expansion of the expandable member 
also icves ( > t axis, 

it n <. i v i i c ! i 1 tblatkm 

elements to maintain a certain degree of their circumferential overlap, or at least remain 
close enough together, such that a continuous lesion may be formed without gaps between 
the elements. 

fhe con ctioi t t hemntia erred ? e Rf variatka 

Of the pros « ! - don, such as the various t ectrode embodiments described with 
reference to Figures 11 A- 1211 may comprise a metallic material deposited en the outer 

Slit l t) ' ^ i ^ ^ . > ^ i IfMlti 

mote- n v ^ ■= sm . f <. <■ 

av this etaem or otheroase affixing a metallic shaped member onto the outer surface of 
ik a a ' n ( \ \ v •> 1 < a >■ ! - t 

e d x ode tigements are also cr f the present invention 

< ^ x i I ^ no For 

s\ i 1 x - ! nPf be < t a a s f < 

Including but not limited to gold, platinum, or silver, with a polymer to form a 
^acootemo, ,> <ae. a ^ , t n. the balloon skin 

Sad farther to the 1 electrode etohodnneras. another circumferential ablation 
member \ irtatioi (t \ shov* a o e to me i. e at expands! e membe such 
42 
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s> dde b on, t * u tales v; m » - uei t 

rg wovnn' s 1 m so 4 ' i s i-j; ^ *ao s > t\ a C by die skin and 
outwardly into surrounding tissues. Such a porous skin may be constructed according to 
several different methods, such as by forming holes in m otherwise contiguous polymeric 
material, including mechanically drilling or using laser energy, or the porous skin may 
simply > > > v, fs N pes so: so mmne In am- ,a ,■ h\ ck-or;ca;g e<wphua ue iluid 

<> J U I't< ! s W O < < i ^ \ ' 

region ot the exparidabh trabsu owe c RF s ectuxh ah rein Ri current flows 
outwardly through the pores via the conductive fluid. In addition, it is further 
, ft - > 1 < 1 i „ a , v 

expandable nreuibcr, such as a separate expandable balloon, wherein das conductive 11 aid 
;s ^oaaeae , a heaven the porous outer skin and I ^ membes 

cuniamed i la esm.us jeeitica b herein 

describe rsas dso > rbl ( > era of ordmars ? i) rpon ouw o has 
disclosure. 

In the alternative, or in addition to the RF electrode variations just described, the 
^ i t ( I > ^ ^ > nnks 

and particularly may include thermal conductor that circumscribes the outer 
eircumd , nmdable member. Exampk ■• sauabk 

K a a v v > 1 'OS )CL I 

oo fu ted s the more detaik 

twever, in the th nek 1 elenu void v , 

peseta H enker wsoowc \se,d - a wowd mm cu.ao am; ran 50 da e , meter or 
<■ d v w ■, ^ ! t ' > . ^ h< n< i t as v me 

or conductive heating of the thermal conductor with a heat source, the expandable member 
may be, for example, a polymeric balloon skin which is inflated with a fluid that is heated 
either by a resistive con or by bipolar RF correal. 1 any case. It is d vlaU a thermal 

,v \ en a a dapre 1 to 

„eu \ ^ ni» 

Further to u v * ri { 1 ? 1 ^ ! miai \ 

den em, the m-Ra os , » > m 1 1 w ^ „ 1 ues v \ gi p <rt a r 

useful in such a design. It is believed that ablation through increased temperatures, as 
43 
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provided by example above may also enhance coagulation of blood m the pulmonary em 

til KvVUvi! t i ! ^ > ! ? W tit s ' l' ^ J\ t ' 

such a perfusion feature. 

One further en um&rera-a! iblatmn element des v ci believed to be high!) 
5 useful in perronning the methods according to the present invention is shown in Figure 13 
to include a circumferential ablation membex{600} with two insulators (602,604) that 
<\h o^uium the po\n\ - ,s It's - ; - w 

expandable member (610). In the particular embodiment shown, the insulators 1602,604; 
c t nvh i vU 5 >■ i > ^ - fo h * » io si 

i0 I < n > 1 , > s 5 ' ' * 1 > v h m >0> * M ,x 'i)?i 5 

thermally conductive to surrounding tissue when inflated with a heated fluid Ki may 
« man ' t w { < i ; <, v nun vwof mi urns 

biocompatible fluids Inning acceptable heat transfer properties i these purposes, further 

v I , OU v. Ml i . 5 v i. > .V f I 

{5 ui 1 l \ v i i s n x i (o i of 

i 5 f ,«,^ i vu v t v in s < ^ i i «' O/A^ 

the vbc'umterentiat ablation element is able to conduct beat externally of the balloon skin 
mud uore e 11 it ! e tonal band (6Q3) tha i ii ted 

p rtion in w * t > u o > i isuc in a 

20 >' •? m ^ i > u ^ e i ( , m v. * ^ * m m > . ? t a t 

mb hi ot I an t quau pi it of the abi ement. R het i 

circumferential haob may be formed anywhere along rise working length of the expandable 
member and circumscribing the longitudinal axis of the expandable member as previously 
described- 

25 n n f ^ n \ ■- < s > 

e > i 1 ekunh ablatio 

( aiarj. vein s w;.q x rsi o > R< diop tque t \ f n aq? e 
unlet \ <v n ' r iUx'v < gohb 

platinum, or tungsten, or may comprise a. radiopaque polymer such as a metal loaded 
30 polymer ! gnre 1 shows ad u mum 
i i i. N s w h nc dc\ oa\ e r d <- s I ! * i i 

o >uu 0 o>< ma \ >kf ihe aw ; ! mention eomempiaes the convhm-H oo , 1 u;h . 
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i! a h- * ! * i < . xi > v * eo ^ nU\fihJ F 

note, when the circumferential ablation member which forms an equatorial band includes a 
i t i A n k o aev h . a a . , ' > : \ < , m n " < i-, sx 

> O > S i \ < »<" v 

5 , 0 < < v 5 is 

in ! ; ' i < f > -! ^ «■ x i i> v an 

it I ,1 tX ' t i v s X d > X ^ - 5 Ov ! 

from relsas i ndi s s x 1 unshielded o 

uninsulated equa! v ? * o ^ 

>0 bluL<> ebexnt v <v \ PJ ^ \x utu * 'M i X J us<v x \ v t% inch are 
mwtded itsre work s ch are 

in hmxi • th r ends it leeiiu i \ t s ui H < iianx |u m 

baud. 

in ! ! est i *bmaiian with a 

IS circumferential RF electrode embodiment, a metallized balloon which includes a 
conductive balloon skis may have an electrical .insulator, such as a polymeric coating, at 
each end of the working length ami thereby selectively ablate tissue with electricity 
flowing through the uninsulated equatorial band, in this and other insulator embodiments, 
t is father contemplate i ors descril id still pn vide 

20 the equatorial hand rased, For instance, iu the conductive RF electrode balloon cose, a 
txr n Fe^O^ai i res v « <• t t - <u>.,e vox< ua" ^u -a " « a it 
uninsulated portion due to a "shorting" response to she lower resistance in that region. 

is u <■ n, o s i : i ! < 3 L a 

) m a ! > ' By 

25 On < ? \ > V v\ ! > 

, ,^ v ^ i ( i : ! lkw < 1 v e?i * me 

vdne-s <. v urrenL 
Further to the expandable member design for use in a circumferential ablation 
element according to the present invention, other expandable members than a balloon are 
30 ,v ss v u Aw 1 Mir,! f e , i >\ v xx, - ue ~Mxmduhk Cage ,.,<»' > -n in 
Phgare U N comprises coordinating x s expandable 

I s. \ region in a pultm 
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v S I I d\ W v\ 1 \ " 1 ^ <- ^ ' O * v. W N ^ W ! 

Eki i t N C d Stulh > 

cage (650) us h terminates in a distal dp (656» . Wires (651) are secured to distal tip 
it so <- N < «. s v 

} - v. s v <• i ^ ^ k ^ V 

^ \ i i i Ot Vnn 

» i» on ,* u : o s> he * > - ^ i t . w ftcv. kwwer i u- ulul 

Ian ! ■) k \h i t k h\ ? ^ i dwith ; >. ? t ^ n t « if < t si f t 

(656)(shown by arrows in Figure 14} : . the cage (650) w collapsible along its m ( ti 

^ ■> Ji fdv. k U i i i < » S ^ V us 'Uk Mo ' t. = 

u< h n <. in i s - " ' > " t u 

(not shown). 

Fuuhei v . - ^ * i * * \ . > f ~ -o f I 

4 J' in v U„> < t. < < "■ S v v x Si OiKO VvtC iWlt 

and" being similarly located along the longitudinal axis of the cage (650). The radial bias 

"Ut^"ul^i ' ^ > ' t 

(655), serves to position die plurality of ablation, electrodes/elements (655) along a 
t t t i u i h e ^ < m The 

>ur\k ni^ i f - , s> ' 

dvp- *> n*.r ai - he n ateik ov\rdce r- ^ 4w - \ < ; rwr : , : -pet \ role tc ibj * h-ov 
tor expandable naembt ig c 8 - >e formed pending cage (650) 

who; da e.le meni formed b\ don electrodes (655 n o be positioned 

- v > i < e - tpct 

Farther to nr.; construction of the en; bod ire cot shown > Figure 14, wires (551 1 are 
> < >uel i^ m 

ahoy of nickel and titanium, or a combination of both. Regarding the ease of nickel and 
titanium construction for w;res (655), a separate electrical conductor may be required to 
od to 1 il e i' v ^ t* x in \n. i into 

fin 'tin hog tiast es In th : c.j o hos ^ e i < \ s at. c ' e \F I A o^ seel h 

is t hianon eieetrod > nth t 

aiainiess steel design, the wires (65 i; may be coated wnh an electrical i.nanlater to isolate 
46 
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the cctric 1o« to \ rroum t i v t - he sue he ebiati n electrodes 
N I reo' ei th ' iblmmn electrodes o'x5s m : x x -.isae ^ x el xx ire van a? »n m o be 1 >rrned 
simply by removm,. v cjU insulation in m soh S x> to ^ s ent to ffov* 
> ii« u< onh 1 m that exposes « poo 

,\ * co> <•...,. - - n ;ik»: ' * dxw..) a ox* - -.wm ; x s v me 14. s 
Oi uku* t in x c( .oo.kx Mix «■ x k -ex.:..: x- o . voce Nocb :e e ;U xnp 
<^ < n i x s f - i s 1 ! By 

expanding cage (650 ; as previously described, the strip of le o , ,h e are adapted to iake a 
t »> o >. shape according to the shape of die expanded cage (650). Such an 
electrode strip is preferably flexible, such that h may be easby reconfigured when the ea.ge 
is adjusted between the radially collapsed aod expanded positions and such that the strip 
may x v t ^ ^ ^ 

i , * < i f ( v <. ^ , s s h as i 

v < a t v pi ! i » v ! u< e <. i < j } r i «. at t l 

dongitseii t flexibl ? | i 

all of the electrodes to a conductive lead that interfaces with a drive circuit, or each 
electrode may be separately coupled to one or more such conductive leads, 

duoth iereui ' (he xxu.xXuvai 

uduedun block ;orxnhhv ax <. 1 5, 

vhea > Xn I > a tacit d 

t KXiib ^x |<>a. > s h m/ x » < 'X \T'\r l<!Pk 

dt oe x sbead > i tb.x h . ped m-nntx* 
(710) is in a first eohhrpsed position xvhen positioned and radially confined within delivery 
! , v 5 t i ! i * v t i 1 .front 

delivery sheath (750;. 

hooped member ;710) is shown in more detail in Figure 15 to include a core (712) 
which s constructed of a supexiasdc metal ahoy such as a niekexritaoium alloy and which 
has i ooped porbon xebb sbspe momer. a she looped mi xa tmn bis ooped 
, u . Xi ^ i ■> n xurv 1^ U he m a phi xn x' - ud u ? u 

h x to tdt has„i < - - 1 x *-< nx m Vvi \\ o~ u ! m < i 
Imp is adapted to engage a circnrnfereniiali path d tissu s ng pulmonary vein wail 
s k \sx ii x x mb s times x the looped j «b< 

4? 
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delivered horn the deliver)- eun (750) when -he delivery sheath k >> m< < >. whhht the 
s vi { o N * i is i* a\i, \n aMa'inn ekcir \ > - h Is 

Pusher (730) Is further shown in Figure I S to include a tubular pusher member 
5 ! I < 1 ' * * f - x " ^ ■> ! N ! " 

looped member (710) through paster (730) 5a the particular variation shown. Whik in this 

0 dt i 1 ' „ S ( ^ ! f v \ 5 ?k s tl 

composite design for the pusher, it is further contemn fated that the superelastie metal of the 
>remayi s £ erenr. mandrel ot 

Hi N 1 J I 1 > i \i ' N V t) 

I 4 " S \ i , £ > < « <■ x. < s v u'> V i < t t on 

v bunco i,\ ^ b J < * i o nniofii Aivt^ u, si i * 

o p <. t an , a > * ...term < ^ , s v us an Ri u source si ^ o I \ 

15 ' — > , - ~ f 

Figures 10A-d9B show various specific embodiments of a broader eircumfereutial 
ablation: device assembly which utilizes an ultrasonic energy source to ablate tissue- The 
present .circumferential ablation device has particular utility in connection with forming a 
20 s t f I n i s ; * f £ h, u Uv I 

j"< u s u no < i, k v ! 1 t ! £5 u 

Jew e o w v N > £ £ > Ik ut can 

£ ^V-e\;\s 5 v .e; rr k. i ' t >l s 

A«t eomm ? 
25 provided a delivery device that also secludes an anchoring mechanism. In one modes the 
irci"sr> oow, .\ s ? ! > s ; 

source within the body; however, other anchoring and positioning devices may also he 

for example, a has et un n peel m, the aeouss 

a \w ot. . ^ ' v t . i . fo 1 m k 

30 i o rcntm, * . v run 

die region of ;ts ostiui i el U 11 « *. > s n 

lA (. v < n x <. \ <k v * e i >U e i n <• a\l t U ik" i 1 

as 
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region of tissue e uuted h> the est ?n er wail by emitting a cjraunfereuu.nl and 

j ucs signal when Ucht * y drives 

The use of acoustic «. age ot 

simultaneously applying a close of energy sufficient to ablate a relatively barge surface area 
5 wifeis i < s < t 1 1 i->art to a Hn 

anWWSt 0 > I i iu U s 1 _s . , a L'KV 

which has about n L5 mm width, about a 2.S mm diameter himem such as a pulmonary 
vein and of a sufficient, depth to form an effocdve conductive block, h is believed that an 
effective conductive block can be formed by producing a lesion within the tissue that 
a) ami IVuesnh ig ^ i 

within the p ' meter t 10 

0 ht u I s \ s i t < ui i o erJt 

> , ^ i ! i s i ; <> \u >a„ to ) i i \ > > e> i 

! v 5 am no i a >* ! 

is u 1 pr. ' i ed m 1 I OA through 

lo") uw •> i \ v - \>- n Ml 

%uth puv ; > v ts n > < ok. 
along the o \ end portion {812 ? of elongate body (802), and a circumferential ultrasound 

1 xosd ces i hie I v t which is seouxtieaih 
an on, 1 0 ^, > N ! > v< > \ t m t sh a \ 

elongate body (S02) to include goidewire lumen (804), inflation lumen (K06), and 
a, Kit ha ^ f . s a v > > < v?, 

rafter than an over-me-wire type device, 

K t 1 r i ? t 

25 port, which distal ports a;e bo wo as bet and in sort bj.S) fo; adewim rues 
(804), distal inhlatioo port {807} for nidation lumen (806), and distal bad port (809) for 
d at <. nit It tdii i f m uesw 

sidedis < t i n body (802) con be 

constructed with one or mo < mt 
SO I n wi r ^ i'irtm till ih es ^ V> a ! » 

the art. 
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hi addmon \ Jcmnue c a 2> s s o e- * \ > a ' * to 

inehuh ) taunt u\ - Ihtaih beyond f td lead 

port? (&O?,S0°h through an interior ekunku fonned by the expandable odfo<w PioU and 
oo 1 beyond expandable balloon ($20) where the elongate body terminates in , distal 

bp * ! CO! 5 i < s <• ^ eo , SJ-i MV\ »OiJ 

the oftatkm nd te s« v support .member for the cylindrical 

ultrasound transducer (830) and for the distal nook of the expansion balloon, as described 
to more detail below. 

One more detailed construction tor die components of the elongate body (802) 
which is behoved to be tamable tor use in nan septal led: atrial ablation procedures is as 
Kv 1 o ! < ! s a v o <. <■ •> t, k 

itm oKiii^ o i i < <- d vi j ! U! 1 

to about 9 French.. The guldewire. lumen preferably is adapted to shdoahiy receive 
guidewires ranging horn about 0.01 0 inch to about 0.03$ inch in diameter, and preferably 
is adapted for use with guldewbes tanging from about 0.0)$ inch to about 0.035 inch in. 
diametet. \* r auidewite is to be icn-d <. - " 

i t < < > n \ * ( > 

preferably has an inner > u u oi about 0 020 inch m order to allow for rapid deflation 
s Me t! though m on the vise t on new i . ! , < f he 

Km and other dynamic factors relating to fmid flow and pressure. 

In addition to providing the requisite lumens and support members for the 
dt a.. natndi ae- a, tax > v ! , nods k < s ^ u? i i 

also be adapted to be introduced into the left atrium such that the distal end portion with 
b t ! d i\ v ' ! n cutwvnw 

iransiu N v procedure as otherwise 

herein provided. Therefore, the distal end portion (812) is preferably flexible and adapted 
to track over and along a guidewire seated within the targeted pubnon;;ry vein, in one 
further more dotaiied construction which is believed to be suitable, the proximal end 

>$n m i uo irw 1 v n t > >. tw pw < 

this on' ^ p v ! xvtion m I u t lapsed provide pu 

t t i \ k n I v | ' \ *n \ 5 *v ' ; 

SO 
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hxm ending anatom > ' ^ ( he a! ei mon of if* 

de\K\ one tk domed , aa *< region. 

! , ' ^ > t X ^ V V d v Ml I < 

a , ' \ % k v * o\ o n ooo * \ i 

M o] U th? ructa bx i in ckin £ 5.ay be suit n k 

-0^00 0 > U! > ! > \ M ^ > vli'^ ^ 

"moiiorair variations wherein the guktevdre is oak boused coanrahy wklun a lumen of 
tbe «. heu n> a da.n-J e ex ot the caihvk- h ,wn>vi cv»it»l.\ a < U nv< n> 

vkMOS V f - ' <■ 

-> ( * v v n < Ok 1 < ?Ot 

t 1 i fK .t 1 h o i t f u,v > S tV > . " se 

16A > ut i <n e o be replace! ok a k ^ e lumuo ,«nJ associated W u puihvhe 

vhicl - 1 5 ktket the cathet > ^ < flying tensio oag varied tiffoess 
0 5 sh on ! v o th mxt vsria eeptable 

pul wires may have a d ' 1 ( ' » 1 

a a 1 \ > * ? th J r H I li .uipk p n v u \ ui i 
0.020 inch to about 0.008 inch. 

Mom 1 e * ' ! a' - "a o i Ohoat 

h < » ,o lo \ and I6C a ^ < -> . * * • 

the inner member (SD3) and is bordered at hs end neck regions by proximal and disk! 

adaptions (824,826). The proximal adaption (824? is sealed over elongate body (802) 

a .h k I . 1 v a ! « > u > * j e 0 

adaption <k< io\abo^.j 00.00:0* - lings ih\ .an nonet m - 
< h > v > ^ > > h n i h tnbe n 

ihn > o - 3 ^ m - . f ! <. , ^ s ^ ) s <><>>£ 

i ? - nkommo \ ^ .n.m.^k < t iHVX) a! iwnmiwu ^van 

the interior chamber of expandable balloon (820) so that the ultrasound transducer (830), 
v s x > i * HI > ! ; i\ be 

electrically coupled I < - » - j s - I be pn 

detail below. 
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fbe exou nay he constructed ft on- ,^rm^ oi hi mo 

f u s i ' > w hw 1 k v J t 5 K 0* 1 

•> n n " ^ v « j ' h - iU i h oi ( > Jto 

! 5 1 ' i ' I S t H\<. ■> 

5 » UU U ') < <• s . U u < a <l 

include elastomers, such as> tor example, but without hmi.tat.ion Silicone, latex, or km 

dt WK? »> i < < S~}\ 

In addition or nth mativt s < . 1 set the balloon of hlghh < repliant 
t r i she baboon ;'8.20> cao he formed to have a predefined fully inflated shape s be 
u> preshaped) to generally match the anatomic shape of the body lumen In which the baboon 
is inflated. For Instance, ay described below in greater detail the baboon can have a 

; > ! 1 N X t \\ ! IMH i t t U t 

can include a bulbous proximal end to generally match a transition region of the atrium 
posterior waif adjacent to the pulmonary vein ostium. In s * < * «. <■ ^ va » 1 
15 a bin he im i.n ostium can be achieved with 

hoik compliant and non-compliant balloon variations. 

Notwithstanding the alternatives which may he acceptable as just described, the 
s&ltoonfS N v i nosphe? 

i \ s; ssu > f i The 

2a ornb'op'iivo a\ja a d \> .-a < v' \ < f I < nt pwm nor 
in a • T < inner 

diameter before s > \ is taken ahe; the baboon a substantially b'lted with fluid iu 

taught i awn too. iu other v \ mge is 

diameter that is attributable to the material compliance in a stress strain relationship. In one 

25 u booed Cee-aneWS- 1 " \ S-,s< ; \ -w * Of . s ,0M iO'lOKtO 

lock N ot hires > I oi J pulmonary vents balloon i ! N! j pand 

tmdet a n rma rang* wore sat \ s ted 1 

radially collapsed position of about 5 millimeters to a radially expanded position of about 

1 Ui i i. t U M> i i W ' ' ! < 0 

30 The ablation member, which is illustrated so Figures I6A-0, takes the form of 

annular ultrasonic transducer (830). In the illustrated embodiment, the annular ultrasonic 
a uwiu v ^ <n h * a o t<n cylmdnw » n\ v d . nolk ^ ok o jv \ a > v 
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ed ho eves the ttaasduc ap qjtor (830 ive a au era * mi a shtu n< 
be formed of a plurality of segments. For Instance, the transducer applicator (830) can fee 
mmvd In ■> r <l N £ u\ v i ! - ( > ^ s s x \ a \ , 

( ar also ,\ x ' v s " ) N 

S a "cl< i ! s s is bdn - r ; v s between 

adjacent elements. The generally annular shape can also fee formed fey a plurality of planar 

CilWvlOt "!! ^ u \1 O U.1IO 

ukhou i n ! ret < it ti > es v ^ ses 

transducer element, the transducer applicator can fee formed of a multi-element array, as 
10 b \o -rcai ul bchw 

As i shown in A * 1 cehk o 8 * 

ut.sk a tubular wall (S3;) which Includes tbrea concentric tubular layers. The udi 
layer (832) is a tubular shaped member of a piezocemmic or piezoelectric crystalline 
mtut FA nvmvj* greie dah is made vi x\\ s P21 I'v i A <> A'T-8 uuarte o 
sy A . iuVa/oi'M-K !o. e ^ <n i 

These types of transducer materials are commercially 5 k from Slavely Sensors, Ine, 
>f 5 i vt ) s v. a A 

The outer and inner tubular members (833,834) enclose central layer (832) within 
then , v n d uu *m >- f 

2ti illustrated embodiment, these transducer electrodes -833, 834) comprise a metaihe coating, 
and more preferably a coating of ruekei, copper, silver, gold, platinum, or alloys of these 

rnetsls, 

Om mors 

present application is . folb aa hr en Lb 51 ^ iranscu : 830} or t m luce; 

25 k> ^ \ < "> --.JO < 1 <- ( 

s eliolr ^ a y , ircumf sai condition 

cardiac or pulmonary vein wall tissue, the transducer length can toll, within the range of 
approximately 2 mm up to greater than 10 mm, and preferably equals about 5 mm to 10 
una A traosincer a.\-cbowh s ee. i - <-J toed v due: a kwhe. A a smfeesem m 
W ensure the integrity of the formed conductive block without undue tissue ablation, For 
5 np ,.5 i-vevet the length can be sipmfkamh longer 
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t ot 1 - particular aeces p tb ( g pt u > coast) and rarsseplatlj to? piopei 
! v > v t >' uo t 

ablation effect. It the given application within or proximate of the pulmonary vein ostium, 
5 dm St, si'v \ ! ^ | x *K lux ::.n , diameter wxhm ox ranrn of about 1.8 mm to 
grea ; th mu It t u as j h - 

about 2 >m generates acoustic power levels t 1 1 ' 20 Watts per centimeter t u « 
or greater within myocardial or vascular tissue, which is believed to be sufficient for 
ablation f tissue engage N < eterafihe 

l» xikxt ! < > > i ^ < < mhe.xer eSbx mo. hot 

o ; , <• I n ■* ! c „ j i f <u * 1 

xniy spacesi 

rtxmxutmdom" tS^b-ft 1 !) oaevlo.e -0- sxrs -O^vkiko. .-uemeJ m omdtxv > 
desired op I I h vat | n tin pot 

i 5 clinical needs, such as the tolerable outer diameter of die ablation and the depth of beating, 
s vu u ru ! , < <. - mi c t t ^ i i f -> -e o* the 

iiivfv* \> s <, - ! s o m a t ,u, 

ippiicahon p t t 5 HUz m ai o* ' ! ant 

more preferably within, the range of about 7 MHz to about 10 MHsl Thus, for example, the 
20 ransdueer ears h - . < ; s v, operating freqoeoey o 

about " \hlc f e ,t beetoxm cemxx.r , ■> or „ , i i - tt x the 
di s ,x > N mm 

The transducer (830} is vibrated across dm A thickness arid to radiate eoliuxabxi 
acoushe energy io the radial direction. For bus purpose, as best seen in Figures i6A and 
25 H i ^ «. 1 -hero. > s > n > xo >w x 

oo, members or electrodes ;1<33.834). respectively, of the transducer (83d), such as : for 
osii by soldering the leads to the metallic coatings or by resistance welding. In the 
illustrated embodiment, the electrical leads axe 4-8 md (0,004 to 0.008 inch diameter) 
silver wire or the like. 
30 The pro\imal ends ot '.he e a.1 ■> e .-< u 

activator CM0), which is J; r i slh illustrated in Figure !6D. Figures 16A-D further 

■J I * . i s *-"mS v * a k X 0 ■. Xt W ~ d „ XM vsM ' s\ i v 5 
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o i t on the bad % ~ t ! N c 1 nl ! < s N t < nt Otl > r v s 
> ;s , > , d v i s i i n \ v > 5 i 

one table for hot leads which b wdl uhh s mce mterferen 

V x > , s^ o\ ', at > <n t ,\ though 

different lumens which are separated by the catheter body. 

The transducer a bo can he sectored by scoring or notching the outer transducer 
electrode (S3 3} and pari of the central layer (832) along lines parallel to the o w u h >d 
axis L of ihe transducer tTcOh as iHusira^.-d in Figure lob. A separate electrical lead 

X > Kd f> f KSf N tit v. ' i , t S ! " V! <■ o 1 ' 

nd<> t a ! . ! !< ' s " s £ 

and operating frequency to- each individual sector, the ultrasonic driver (840) cars enhance 
the uniformity of the ultrasonic bean, around the transducer (830), as well as can vary the 
degree of heating (i.e., lesion control) in the angular dimension. 

The ultrasound transducer Just described is combined with the overall device 

IK.l is i , , i s J Si. U 

(S3 0) desirably is "air-backed" to produce more energy and to enhance energy distribution 
uniformity, as known in the art, in other words, the inner member (803) does not contact 
„! tppt v cecum* of tnc muat \rtae\ e, tmmc ,< CMrne • e' c eo Thus 
is because the piezoelectric crystal whir cent? * mound 

i t v a 1 ' nhaily contract f- \ - > : ; m . * c 

ikm an en yuan mt a s e nc ano uv os* h, macs i n > >h i 5 

electrodes (833,834) of the crystal via the electrical leads (836,837), This controlled 
(Oration cub? krasonic era f 1 form a 

circumferential conduction block c ^ to 1 ps nt embodime ; ereh e, it is 
believed that appreciable levels of contact along the surface of the crystal may provide a. 

xouug t v 1 ? < i , ! suit the 

efficiency of ultrasound transmission, 

bo tlm purpose On mm-r F t ,\ J\ tut, > m number u^Oet 
and Ls sup? utee a k.»u< . ! k u-r^ rue nhej Feb in a t ram « - or di; a tap < twees h 
inner member (803) and the transducer inner tubular member (834). That is, the inner 
tubular member (834) forms an interior bore (835) which loosely receives the inner 
member (803). Any of a variety of structures can be used to support the transducer (830) 
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boa < 5 " sen ber (803 Ft atrc >acei spin* r t v i > xial 
position t iucer (§ t * t \ erabc \ - >- 

annular sosae between these components. In h aherrrabve, other cemveationai and known 
appt< iK v t >opport the tran luc i < n dso \ ased Pot instance, O-rings that 
^ i> ,3 k <! > < ' \ i !v ' nenbet iJh^) <rtd the 

t aWuu t$"U N< v u suppor. e r ^ in m a at uunu s \ t n< mat '1 1 .J > 

IIMi !f < * >\ * l v i 1 50 < » Mfl! 

> , , i r o <\ lh; alien , s 

I I are < ? t < i w S. Patent No. 5,620.479 tx 

Biederich, issued April 1.5, 1997, and entitled. "Method ana Apparatus tor Thermal Therapy 
oi * ! i s M' i x > ^ uncart w 

"(tatheter Having Ultrasonic Device." The disclosures of these references are herein 
thereto 

In b\ ^ s Lb? 

the tntmsdueer (830) has a radial separation from the inner member (803) to fontt a gap 
led will 5 s tand-oi 

(83S) r member ^ < t * 59) 

which hoki the majo-in . < . un, e< omet surface away from the surface of the stands 
off between the splines, thereby mininrixmg dampening affects from the coupling of the 
< s-* i ^ i i rnJ oil 

(83$) in the Figure !h€ embodiment may also provide us inner ne:e as the gukfcwiie 
s s i i sept rate 

stand-off coaxiahy over another tubular member which forms the inner member, such as 
according to t ;e I igure 16C embodiment 

i g 'v, t\Js (B 

»(ik,)U W i i\ < t" ! 5 

terrooi.se a potts l-ca^-d wuhm me pane between tin. nnar nrembe; < and the 
t msduces 830}. A cool 1 1 haed by t)u stand-oil 

(838) between the inner member (803) and the transducer {£30} via these additional 

nan. Lb vm* o s R 4 'S 1 ( i u 0 ^ JtC^ } mui 

cm be used i % x tritcb c cooling mediun to s tint n the transducer at a owe; opes en a 
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temperature. It is believed that soeb thermal cooling would allow .more acoustic power to 
isansnut t - ' x <xu\-Si\: o a * - , Son of the transducer m^esa' 

I Sis; *nin\dii< t$ :< s>* oKWi^'Y^ am - a.>\ i ted from tht 

ir uk > v t N > > x ' \ u > ""- * ^ t + < <atov $ \butU>v -<mkm,\, not: ^ 

5 the like s ut 5 ! escribed in U.S. Patent Kos 

5,620,4 <■ >< » (nT9"T f rraied erabodin ^i^ tee Figure I6C, 

> <> ( ' S * v. t < I \4 i !N 

over the transducer (830). The epoxy t'842) may be, for example, Epotek 30k ; Epotek 3Kk 
hk vi > > 1 - i eon FDA kiddies) 

50 a to ,u a * > < 1 x r 1 

{Hi J N ' ! < N ^ ! 

tfte exposed p< -tiens oi 5k ^ ^ 

sc.t! fee spa a i I t v v i euUoj^ 

a\ x th , esiet j > 2 x c 1 seals fee 

IS ,T5<>\ 1 siu ' » ' < ! ep l> V < tT J v b mi 

(803) and staud-oi? (838) can be instead inserted into a light thin wall rubber or plastic 
tubing made from t mater i neb as Tei!o5 xnyed lent pot a feaut dastie or the 
nke Ibc mbinn desirnbi- u >mn>ak;x..^ 1 t>> b !! <^ nutfe 

\\1ku ^ ' i s 'V • "pauv nuo 

2a < * * s > v V ta hi 

btu ' - ^ ^ 1 < ! 5 v 1 ' t v . >X i viu v' 

and the heat shrink tubing (844). These layers (842, 844) protect the transducer surface, 
help acoustically match the transducer (830) to the load, makes the abiattuu decks more 
!ob<!\t ueoxx xu < c„ 1 m 

25 Aithoegb not dhsNttnted - , s^aphfy the dtavs-a 

a > s v. a o v v v t a to > u'i '! s 

! * - ,v > 1 i <5-o be 

to support the ends of the tubing (844) Suitable filler; nelude flexil n teriats sucl * 
- - exa npl but without iimitatiou ep<x t Hon s I tps ; ed fx ike 
30 , v u »^ u\ 1 i'iU t (khtt <xreu\x t * t t 

(830). The ultrasonic actuator (840) '^aiajsd^ef (830) at frequencies within the 

t r \ e n o c m T-> - kk MIL isJ u'tu ; ! , t a s >tU j 1 > t oen uu su , k 
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range of about 7 MHz to about 10 MRa. hi addition, the nhrasoaie driver can modulate 
the driving frequencies and/or vary power in order to smooth or unify the produced 
eohunu^d t!< * * ^ ' * oko of Un < i *. u oa 

840) < n 'ti^ he uansducer < f 6.8 Mik an 

-in.v h 'Un o oo , i ^««> 

1 ! if S < i V - ! > i - ^ ^ ^ S 1 

t , S i > » 5 I V < t O V V= t U * V I f 

1 S M k 1 > J ? ^ 1 f 

emit f > , <• the 
» !? * i > , , s< f h an d 

? o^abk ra ? •*? ot 

f an< ,\,r^ r 1 N v a l . ^ s > t 

with 1 d m eh > r ru»i ih nu n u.a s > \ evu > Jo , >sc\i 

water hereioK g id aura se ftansduc r (830} v . e \ ^ s20) is nflaled the 
circumferential band of energy is allowed to translate tough the inflation fluid and 
ultimately somcaOy couple wi I s> 

circus $20). M kit 

material may aha be runner engaged along a circumferential path of tissue which 

sreumscrih h as, for ex ; a * \ ! s. 5 * nVu a&<* 

engage; a pulmonary vein wail ostium, 01 s glon of atrial wall \ cw hag\ where the 

t <nh t m i t i n 5 i ;u ^. a * 

M.i^ V ! i >v ,' ( 0 

circumferential path of tissue such that the Circuatcrentud path of tissue is ablated, 
Further to . 

to the tissue largely via the nhiatioa thud ana bahoaa skin. It is believed u for fa v * 
uses of the present ho *e efficient \ i ad therehu 

ad a s. en ^ ' ! < ? > ' !! s a ooo; 

omai di >rrou < x , . n skin and the tissue \ecardingh i 
is contemplated that several different balloon types may be provided for ablating different 

s > - t , v 'a 1 i > aa a 

be ablated. 



WOuWQ2« 



??CT/US98/I422S 



la one partis * said ahe in 

Figure \ SA, the ultrasound transducer preferably has s length such that the ultrasookaMy 
coupled 1 loft * oon skin having e s.im as iengt iccording o he collimator 
«l raso i d ig \ L is shoitw th ■ t a working length ; s ol lh< ! alkaan Vceordieg to this 
5 aspect of the <»• the transducer is adapted as a , . < v ablation member 

Srb <fii IS CO )pk\l K t »■ I U * 5 ! V v - •> , V t 

of the balloon, therefore forming a. circumferential ablation element band which 
otainvv'-x^! o, bio ! < < f vhv ^ <■ L^daawo 
thirds the working length of the balloon, and more preferably is less than one-half the 
10 working length of ihe baboon. By siamg the ultrasonic transducer length d smaller than 
the working length D of the balloon (820) - and hence shorter than a longitudinal length of 
the ,! < i i *Z£>) a -i ee te 5 

l« t v s <• s ml en o! \ ana i« t s the 

tvhxo ml - m the blood 

15 % < ^ s < , ! ,i dumu 1 the 

o ck i n 1 < v si o< 

pod U ' < 5 >. ^ t the transducer placemen s be 

preventative of thrombus formation which might otherwise occur at a lesion sight, 
pardcuhriy la > led atrium, 
20 sound transduces iesc ed i \ f u lea Is of dt has bean. 

,,| t m j r o\ ( i si. t * 5 at a 

do:\v (Ci! ^ i * s 1 < , , > n p < < m 

the o isst\ iS vhah ! v t i . ! ! $ vets (not 

shown) to identif) he location ol i * 1 i ot transduce; n orde? a facihtar 

25 1« of the transducer at a selected ahiadoa region of a pulmonary vein via X-ray 
aM'ti ' s 5 ajvag . a — - . - x - i a < < v d 

\i< i qua t ich v u? i i compri 

„n vs s t ^ w es< i, p> ro eu 

ally over an mner tubular membe t8 ; ^ n a nanus simiU •* that descs ed m 
3C iv < a , t - - x m a ! * a P 

The preaeoi. wnmfereutsal ablation device is introduced into a pulmonary \ esn of 
the kii atrium in a manner similar to that described above. Once properly positioned 

se 
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within the pulmonary vein or urn ostium, the pressurized fluid source inflates ;he balloon 
(820; to engage the lumenal surface of the pulmonary vein ostium. Once properly 
posi ionett the ultrasonic drive s i 8 s 

rxkew< 4 j > ! 1 v - - ■> - ' •'ft'" 

frequency of ? rnegahertn. that a sufficiently sized lesion car- be formed cireumferentMly 
about the poimonai vein ostium on period « e 1 « > 

less). dso content 1 < ddive-red. then tested fc* 

sbn formation \* t « ' < puln > xem. « met I < m an eieetnxk 

I j > < v > > v v hetei H etefore, the procedure may involve ablation at a first 
energy level sn tone, then check for the effective coadueo ve block provided by the resulting 
i ( ! i ihons and teBttn eondaetne Hock is 

formed. In the aileroauve. the xmtanummue aoian<m device may she IrUiuk teedbaek 
, i! i ,wrpl erv,£ rpt v. , ; vehd a id oieu o formed 

along the balloon outer surface. Monitoring temperature at this location provides indicia for 
0 « < s > <. j .5 ! 4 i i I > 4 > <. n dn 

aires tot >procedus 

Figures 17A-C show various ahernauve embodiments of the present invention for 
ho pt rpv s >n f 4 > erne the nhraseus >t 1 rdVoo 

H ft m'-r mentv; us de^tdv ox. ^hm -o\m *.ai s Woxxs he 
Pk i S ' * ^ * ti t 4 1 nd a h ve H 

k Ih'ill li ik \ \ s -S S I ' s I > 

ths xesta esv - , 4 A adapted tor use in un-ming 

ckeumfes utiai eondnctiort block t an < - i rential \ th of tissue which 

on v v vlkvr is 

> f m ^ . * v t i i s nab 0 this 

\ham max p \ukc en a.y a v - 4 \ xm ;Uc o . \? on enxmi ' b. d fs in 
and the circumferential band of the balloon skin along the working length of the balloon 
(820). 

The balloon (820) in Figure 1 7 A is also concentrically positioned relative to the 
n i .J.v^' 1 \ > ;) ! co5 
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\ symmetrica!!;; 1 itioned on the o te b > ui it the I ion device ean 
I ': ■■ e than, cat b : 

Figure i?B I »ws sotlies 3 sen fe according i the twenty although this 
assembly includes a balloon ($20) which has a tapered outer diameter from a proximal 
5 > nrfe? diat tcter >. ; m a mallet dtM U mnu d amulet X »Ltks. rcutu ce iwn^sJ*. haw 
been tsed in each of ih obod rde? 5 « < hw !1 € 

*YW < Si i > > 1 i 1 N , s v ! \ he^ 1 o 

conform well to other tapering regions of space, and may also be particularly beneficial for 
use vk i r s s - 1 oonjr vein 

K) ostium. 

ST'ii'a' !?C farther show:; a .-si ■. shape tor die baboon as that just dm a;;., by 

-J lA 1 l U } 

x \ o, r j Jh . t t « « vun fa 0 vi » ii - 'u 

pi j v * u > i) of th v S ? n 

15 shape. More specifically, a contoured surface (848) is positional along the tapered 
wori engtl , uoukkj 

(%'M) of balloon (820). As is suggested by view of Figure 17C, ibis pear shaped 
embodiment, is believed to be beneficial for forming the circumferential conduction block 
A ve t v , t nts - > > v " ,! > -m k 

20 pulmonary vein ostium. For example, the device shown in Figure 17C is believed to be 
stated to form a so t wn 1 \ i&5i)) in Figure 17 D 

Circumferential lesson (850) electrically isolates the respective pulmonary vein (852) front 
a substantial portion of the left atrial wall The device shown in Figure 17C is also 
b( how 1 to K ,> U< to o «. MM >lj< tt'O^ 

25 of the pulmonary vein ostium (854), eg,, between the proximal edge of the illustrated 

, N i 1 S , < v. V ^ V , ! V i v. d s -0 , U J f 

e \em mar ckmuot. - .S" "n 

c 1 v o m i i 1 M) ~a oi ivtyc 

transducer elements that are arranged in series ami coaxial The transducer can o be 
30 farmed . < haw c { lot . rp ot l> mm 'd \X: v\teo hose m< k : 1 - ' a, joe e h vt 
i t a v > tththe upcttog bnhooi oc^vms d it 

and 17C. In these cases, because of the differing distances along the length of the 
61 



wo 99mm 



sd t i iween ihs raasdueer and the targetec - v v oon^iform 

heating depth, could occur if the transducer were driven at a constant power, in order to 
uniform!} he st the targeted tissue along die length of the transduca assembly, more power 
may therefore be rs.-gdri-.-d .a 'be puo.imd cikI t ? at the distal end because power falls off 
.5 as i u from a source (i.e., bom the transducer) in water. Moreover, if the ttamdueer 

v s mascouet 

f (j the atteouui^u x.auee n d\ f ul }\*v,o\* ^ i • . ! v u u , a. 
distal >, m drm >i n r ^ v ? n u ! ! 
f o; v s i < s 1 vm-cwh 1 ! <t 

HI f.O Ik V < ! s W % V. Ml ! ^ S Sv> ... U!^ii, JO 

I ! ? ' 1 i 5 M v ! v ° v <^ 

i * VA? Of X ii U> « v - As ^ < ,5 t 

v> . V v. i ! t a mo i .ihivKui 

target site. 

IS; I . > x v» » 

t j - r <>r instance, a t $ i i ehkle an 

i n * hi ranged on the nods so is to cire fund 
<. k i sod s te j Ik Hi' i c sM u « w r * o Ik I t o i i >. 
the now rate through the dosed system can he controlled to regulate the temperature of the 
20 nutation fiiad Phc e ad h P. mon died oithm da balh or <vm c c> ihu> act as a heat 

\U k C »dlK { v s I v . > ! J t Hi if ! i 

1 t i v ^ U JO v U K J 

Drat is, by maimamdg the temperature of the tissue at die baifoodhstms interface below a 
desired temperature, more power can be deposited in the tissue for greater penetration. 
2S Conversely, the fh Has use ol tre and the t 

v odJ n f ! iK * < ' ! 

? > * 1 * i ' „' o 1 'nan or 

patient. 

The depth of heating cat? also be controlled by seieebng the inflation material to 
30 have certain absorption, characteristics. For example, by selecting an inflation material 

l 1 I ii ^ K <. > I v ii n 
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* tn ^ <■ r n + s ?n ^ - ^ - s t ■> - * i ^ 

ioi *hK non -xge^usx e - >o\ e . ^ the like 

! font i t > a< x v i wer \mM the 

balloon. Far this purpose, the transducer (830) .may be mourned on a torquable member 
s > h ? in ^ 

Another aspect of the balloon-trmsducer relationship of the present embodiment is 
a: no Jh> ,n>uo : • - nlack,- v \ :.on ,$-\ .1 ht \<u<rA to she s .manors embeovd by 
those figures, the \ \ i ultrasound energy signal is modified at the balloon 
> m I lo > i 

!0 0 st >> 1 ? >i s> ^ ! » f ' f » ! f * s >v > s < 

^ i H , mi p J l x, x ■> v ^ 1 ><\x oKi i o \ i ! S v IvN < i u < 

s d> ! i ! 1 > ' x '< v. nN \ v 

Mov^'xil^ ! >> c ,\ x st x t „o, K ln t < >S hw Ji 

has a predetermined patient along the balloon surface and which is adapted to shield tissue 

15 from i md s >. < dtrasouud 

j p a 5 s , 8 v < patterned so lh» 

the energy band svbleh ts passed through the balloon si is substantially more narrow than 
Ix. band u- t , < , j - « , 1 J it; 

Snb s .s N s *- > : ! > a 1 i - ! 

20 j \ n s ' < * t > r r un s U i 

t us t , <i 5 ? *. > ^ ! s i \ Nrtivi t\m<. if 

t s > > s > ^ <. t > n 

i-oymohoal ,£ i ^ xomo.eeu >-> e t <u in t so thno o n \ 3 ! d 

25 * > s s l ti uilt. ) tn J 

\ « n >s > x * * these 
locations 

\,vN f is <• j » » > < u ^ s he 

5 > s ss , v j * i < > t U! 

jo ud pnlovtnarv vt-m tn;?u s - o m to the nt < i xdteved thai \ 

eiftc'tency of nitrasoond tninsmission from a psessjeleetrie transducer is limited by the 
,r t < t ;duce buh limitations are I s s t\ ts^.e to t: <t tarteia oi I 
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t 0 \l < i & t s 5 H } J 

required to be longer [< an the length which is desired for the lesion to be banned. Many 
procedures intending to form conduction blocks m the left atrium or pulmonary nsr 
sue! > inq o sua- '-op > <. hue s k onh c; ugh 5 u 

5 , ,t I \ i i 1 x > n V MUvllO Itl 

Udiuom houtmc me mm mi -h jema w Yumd a> . ^ wm. vol , m>ai in a e unrolled 
ablation procedure, pervades as a general concern However, a transducer that is 
necessary to form that block, or which may be desirable for other reasons, may require a 
imgl vhiel < lay create lesions whi s: than is 

it! £ r v \ f < ! h ^ ! i i 1 n s \ ^ v SK 

\ m* r k> wJ ^ s £ a s - 

1 sO s >, ; xx mo < m < x v, >, t sJ >m mp man 

ultrasound ablation assembly according to the present invention. Unlike the variation 
i vn igure 18 Fig SB shows piaeeme&t of an sdtras - > > 

5 5 (864) along balloon (820) and directly m the central region of the emitted energy signal 

nun t muk>< m^m i o nssanm a % • m ! . a d 1 ^ 

ss adapted w bo tm* - a \ ! - ■ -u--s;-. - ^ > 1 < nd ' u\ it,'- ^u ^c 
via the ultrasound signal. It is believed iMi some ahlatkm methods may benefit from 

^ V m - > , i , , < ) 1 ,U v w uuuitnl 

29 nmd f dssu < < < > s' , , < 

t i t ^ t< s \ \ m si 

invasive, level than would he reached by allowing the raw ultrasound energy to couple 
mnmh o t < m i hi x I ■> < > ( £ w » > goalls 

die m - \w » s v a! i ! £ < e o i iai e t 

25 this aspect, absorbent band (864) may therefore also have a width which is more 
commee ! ; < 

shadow at absorbent band iSdd). 

i i i \ u.'iblK ^rssomc 

transducer had an annular shape so as to emit ultrasonic energy around the entire 
30 u t * t c oa i u t Foe pnwwv v .ddunon u<. n u ^ ^ 

one a coil iijteo 1 m nltmsonic energy in a sptrctfk meal a uuw v 

u in ig ,u t ! > ^ ik transduce e eoafig sd mve only a single active ser ) 
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ISOc s \" s l v xmm m also ! *|>e. By rotating I 

I i ! ^ \ H ^ „ 0 5 > I 

!;<!<■*; t n % H 

* m * 1 i nb 8 a the I xm 

Figure 19B illustrates another type of ultrasonic transducer which can he mounted 
to a num Una " v m m ^ ! ' 5 s * < ^ ^ s ^ • ^iu- ^V> s m\o o 
cm iimear section and te< 5 i J < 

V1 u » « u 5 < v. n - - 1 with 

i )!f !N H ! ' * < <• s tn 

Ilk \ i ^ t' , x h t 

s n x> i ' r s< s ^ ' ^ 

i us <' i < > i < ' v \v „e This 

spaced i eased and closet i the manner <k xul above i coanscsioii v h the 
embodiment of Figures I6A-E. 

The inverted transducer section produces a highly directional beam pattern.. By 
% > i 360 egrees t x tion ( describe* hove a 

eireii c e i umK^r w\ life a< ma <_v eewe- se .\ e o ild - t vm mrt wuh a 

planar or tabular e.umiueer 

it is to he further understood that the various modes of the ultrasound-balloon 
i> > v i v ,\ m < - ^ <. - 1 ,e > 010" m 

S Wl ! > v. ^ > ' <■ Ss. \> O M .1 I > 

to form a conduction block i order to prevent or treat focal < % uu arising from a 
specific pulmonary vein, or may alternatively or additionally be used for joining adjacent 
home k m u- m s. im;s mxaum ' ma " urn orocedute. 

\un psioi i - < * ^ nm mc,\ io pauular 

motion s trth no ersuiod hat 
various modifications and improvements may be made by one of ordinary skill according 
) J f \ uo\ vHiIh irs ' t> <. emu 
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What is claimed is: 

L A >x!xnm;o>exel ae am - ^ e- ..vase <. ' sxng a enstoxh s 
5 conduction block that electrically isolates a substaatmi portion of a posterior left atrial wall 
of a left atrium in a patient from a substantial portion of a puiroonary , which extends 
a-sr she ; a u ? hh arc v Jv,-!\ o-aor xan e mam mex-i-nig 

i s , i> n and a 

^ii axis . extends between < proxaxal and distal cad portions; and 

\Q a ciremnferenoal ablation member engaged to baa distal end pardon and including 

an ablation element that b adapted to coapie to an ablation actuatox the eircunimremial 
ablation member heap: posaieaabie a: least a) par; within ;hc pulmonary vcaa ,l that 
the ablation * m when actuated by ( ahiaboa actuator couples to and dda c a 
v tenns text ox.vM >et e» b m x s ■> f r , t iox>na 

15 vein and the substantia! portion of the posterior left atrial wall, thereby .forming a 
circumferential conduction block. 

2, I urn b the dssta! cad 

porhon of dm elongate body basher comprising a , > o x tracking member whkh is 
20 adapted to sddeably engage and track aver a gaaiewxe positioned at least partially wukm 
the pulmonary vein and dxoogh Use palraonary vein ostnan such that the clrcuxbere.;xial 
ablation member may be positioned wnhh; the pulmonary vein such thai the ablation 
tret may be coupled m the circanberemiai region of tissue. 

25 3. the cimnrofexcra i iblahon devus sssernbiy ol in L furthei 

comprising: 

a guiding catheter assembly having a guiding catheter with an inner lumen 
terminating at a distal tig which is adapted to he positioned within dm left atrium and to 
femes dm dm -a eta; mm m m f > ^ o ^ . at. m\ 5 ..mono do ,xa' mmrnxx t! kuux 
39 v the left, arrinm thmu en 
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4. vw u-i.v mm s v urr > \ kt, n Ik. 

md - > I) i 1 mted o pes ; h tfriura 

and across a fossa ovalis such that the distal tip of the gs.ddj.og catheter is within the left 

HU < ! 5 1 v ! - i $ > I ' i 1 (. ^ n v <■ t 

5 of the elongate body Including the circumferential ablation member tramepntiiy into the 
left atrium. 

"< 'eemrnn i < 0' < s i 

comprising: 

SO a imear ablatioa member seemed to the distal arid portion of the elongate member 

and having a linear ablatmn element < > is adapted to couple to an ablation actuator, and 
b u ,< ml 0 ? ^ <.it ' > ill u Mn t< >eum 

[( ti p ! i < t * ! v I f d 

ahkte a continuous lesion along the < m of atrial \ tissue. 

IS 

(}. the Cimmnfemn s > so i in 

v ilU' i o . ». ' 

pnimomay vain. 

20 7. i V! V* ! •> i > W v .tUvt't ti 

abiatn n nternbes ft ti te: cot -prising 

, x i < <• a t ,i » 1 h 

and that is adapted to couple to an expansion actuaton the expandable m ! having a 
working length along the longlmdinal axis which is adjustable with safe expansion seruator 

25 x O> x <. s ! i ' 

surface along the working length > an expanded outer dtameter which \ adapted to 
engage the drcumtemntiai region of tissue, 

tin sbfenon ehuva a-na: , came to mo o„:u s..;^o of the exuandahlc 
taih: .\ > (M ^.ovo'ao th-«-' o'Wa <m- o.a.a u . <. i m 
30 expan; sgod to the cireurrs o tissue 

8. I he eitcu; ^ yts assembly of claim 7. 

PJlSliTtflE SHElTiMJLl 26) 
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' - ^ s - „ - 1 v oubnonmy 

vein ostium when in the radially expanded position, and the ablatio;; dement being 

j to v-wpw m bv OfrHoe V w s ( > e 

a n ui , \ n x o, v ^ < ' ^ s k e_ a 

conformed to and engaged o i the pulmonary vein ostium, 

9. I i > N , > ^ v . I 

working length of the expandable member w the radially expanded position has a proximal 
region and a distal region and also has a tapered shape * a distally reducing outer 
a < el 1 ) 1 as a to! i 

i 1 ilcUKM e * u ! I he 

working length is ^pear^-shaped - a contoured surface between the proximal and distal 
regions sued, that ihe proximal a era is adapted to confront, the pulmonary vein ostium 

1 1 . The circumferential ablation oe vice assembly of claim 8, wherein the 

expandable m comprises an Inflatable balloon which is adapted uncouple to a 
ttv.micn.Mv * \ source, the inilatabie balloon henna constructed of a compliant balloon 
material. 

1, h ivtrn e C>> ! <^ , teen 3 u o u\ 

compliant > i s material is selected from die groan of materials consisting of silicone, 

I ^ u ten 1 > > , <n i > 

m i v m w v >\ 1 >i ' ! 

^if > n nil * 

14. Tec a rwawbawmf abiaOoa Cma.<. ^o^-h .a tern : b wherein the 
ablation element radiates ablative energy, and the circumferential ablation member further 
eotnprisiug: 
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i tfs » ' second ncU mdarcuk nimej t , < t l *M >\ 

t u u * e Mi > ' ' >t \ vii c n ^ in part the 

ablation, element 

the first and second shields being adapted to engage first and second adjacent 
fv« o e s j! i x r < 

\kdd tee t ' > VI v. O U M - v X H * 0 5 

elctneni u> thesel < <■ ere > s i < x th m ' 

< en 1 vd t cm 

15. The cneunUerenOai ta>kiion device assembly of claim 14, whereon 
(he cnxumterenhal ablation number iuither comprises an expandable member 
i«„ bod 1 ! vb;eh tvadu so coapb \ oe .ictnmor and hahb 

a working lent; ' i > ' 1 - > i s 

s >! rr jJ ? < u 0 i d i ? \to p tU ^ 

S , s s ? S I n < C K 

which circumferential band circumscribes a portion of the outer surface with a 

i i iis.r."Hil band length along the longitudinal axis that is shorter than the working 

length and also with an expanded outer diameter m the radially expanded position which is 

* t * >!' < l <, ^ 
the ablation element is coupled to the crrcumterentud band to thereby form the 
noddle region. 

16. V si ^ s l i 

couple to an electrical current source and also to couple to the ciretnrberemiai hand in 

O V i O ^ , S ^ ' i N . , " 

17, 1 - s , . , no ot .-1 ,-.m s - oherur the 
\eek \. .unub iv. > e: , <■ and . nd end n > W, u 0 s iu 
baud extending therebetween, and the ablation electrode is adapted so couple to the first. 

us t jortkms and also to the ekeap 5 h 1 

comprising; 
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m electrical i»solator e«g iged to u the fi d second end po tit o > 
d tf et^ * «m she fir- r x. <. n ^ >m u ptm 

electrical, coupling between the ablation electrode and the. first and second adjacent regions 
of tissue, also respectively. 

] 8 . The circumferential ablation device assembly of claim 1 7 wlweift the 
ablation electrode i h comprises at least one electrode element positioned > the outer 
s s , -j i m i x < . v ! u f v 

ckcumferential band, 

19. The o i ! ' ablation device assembly of chum 1 5, wherein 

hse expandable member forms ae outer skin of a conductive fluid chamber that is 
, | r « ^ \ <. v t v. u 

the ami r band is adapted o< pass a volume of electrically conductive fluid 

from the umdu si 1 m i * nttotheenuuimfeter.l I * f i ^ <> ted ^ 

It , U! ! Ji i ! h I 

the ablation electrode is adapted to electrically couple to the electrically conductive 
fluid within the conductive fluid chamber and therefore also to electrically couple to the 
circumferential region of tissue engaged by the circumferential 1 end via the electrically 
<.mtduo> , J 

20. The circumfererttiai ablation device assembly of claim 19, 

t v men s n ^ ' t nhtam aKJ >d pt d 

e< 5 <. \ ! , t < I h i X 

» i s Us ( region of tissue engaged by the circumferential band. 

21 Fhe circumferential ab dt <> 1 x erein 

ncmber tui esn 1 end portions, as 

the first and second shields further comprise first and. second ' ot 
spcer.sei s on * n > < 

which rim < dapted to block the passa > <. v 
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^ i l tin 'i die e^iovKro - dme ae.anhe. and dianacd the petoas n -> 

e first and second * 

, i < * < i » \hei 

> iblaiion sk inther coo-pr mal ctmdat < lapted to couple to a 

thermal abkii uatoraodai I tial I sue erroalero 

slaws from t' >< dt te Oiso ^ , a nno u _w < seraon >>t n r<«v»\i ! hy 
:h *< rcuraferentia! I a? d 



m 23. ' ! ^hen. 

die working length farther comprises t and second end portions with the 
a v ( s 5 ! ut 1 Jii 1 - nt'lK 

terms! cortds i so to the 

% n erentkl ''and, and 
'IS tt ^ t ^ , ' f < S 

t j , t\J hi \ ' \ 1 1 *n1 v.u> „ > i 

24. * ^ N oiddmm NX %\ herein the 

>;n conductor further comprises an electrical conductor which is adapted to 
20 v. t v. < t ! > t ! v i > ^ t 1 ! u tn 

p ^ \ ataL^'O 



25, The ! k 1 f -0 w * ablation device assembly of claim 22, wherein the 
25 Dos n ^ -w ^ * v v. <. 

\\U\l\ 00 V s ft 



26 The circumferential ai at ion 1 ) < no wherein 

30 t\e c\| - " or further eomp* >. *o ^ 

i ehatnhe- tha datn< , c^ e \?\ tie-- v > l 1 i 
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5 d i k o< - o x v i i o > v i I «. ti ^ 

balloon; and 

t' e.eu ' M f k < if > < lo * k v.a mne ar.k , region 

tissue engaged b\ the circumferential band. 

! MuliU 

working length of the expandable member s adjusted io the radially expanded position 
\dn ostium. 

28. The circumferential ablation device assembly of claim 15, wherein the 
5 if is ! M s s u i i dh 

^'tKKHx^t > s it ^> - e <. 1 1 < x Kx ee- «t vxp >*xfed ouL 

XX k> < ^ t ( > , i U 

Os v i < U di^ t0»3< 

outer diameters. 

23 XI , ex xssomhb >u\ 

circumferential band further comprises a secondary shape relative to the longitudinal axis 
i^h \ =<. o. . a x.e - ;x \ : , " x,.;< , . * s <> >• 

si | pt ad v s ' t s tint expand e; 

a v . ' <. o * i > " ^ v ! 1 > 

from a first radially expanded position to a second radially expanded position. 

x v M therein the 

secondary shape is selected bom the group of shapes consisting of a serpentine shape and a 
sawtooth shape, 

rcumk > , ^ v i int :K , a s 

tuxui v'trrsoe xmd computes : w d »! >s < ►co 1 

t kem ferentialh ?p teed arrangement about the longitudinal axis, each said individual 
jH nrn x. n 3 ^ i 

12 

sijbstitto mm <mtM m 
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end portions, each said individual ablation element also being positioned with its long axis 
xawj f un <Ui * mbhvc iv the be ,■ - ,<>, m v v < pertmu m o . o 

u ' o I v - < ' i * eg oo v, l w< m ies end 

portion of another adjacent individual ablation clement; and 

w .rem m k s s\ » I „ v 

thereby ad] acting the eiretunibrential band between two expanded outer diameters, the 
position of each individual ablation element b adjusted relative to each adjacent Individual 
u i x ' , » - ^ k.I 1 oe 

elements are reduced although -maintained. 

32. The circumferential ablation device assembly mVe m ; 5, wherein the 

t \l Oki , ^ vs * t ! ii ! ) ti j Mid>o , 

it adapted to fsuidly < e pressm sout 
wherein the u:b1 arable balloon comprisea a compliant balloon material which i 
adapted to conform to the pulmonary vein ostium when said inflatable balloon is advanced 
In the radially expanded position retrogradsd.lv from a left atrium into the pulmonary vein 
and at least pardaily agatost Use puiroenary won ostium, 

33. s > , .nov» ,i' serem \ 

>; f a ^ I -.en, v no t , m x j e^ to o t 

. it v ,ii a eo 1 - * 1 n - v . i 

34. The c ire urn fere ebrb ablation device assembly <d clam; 33. wherein the 
compliant baboon materia] comprises polymethane. 

o 5 . . v s.. s s t ■• 1^ v\ sosemthe 

eircvmeieremial band length is less tb as two-thirds of the v x \ a length of the expandable 
member. 

V ae uuvn n :cnt»al uhismon o^ s \\ rxmw J?~ 

outn* iv"~ ax weal o tlx t luxdb xxxr.uac - >^,m^ * ^ a o Xwme ax1 the 
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,suirk cisu! band knmh ;s c mass tvw-thsKh -<i me , < <~ tmut e of rb_ 
s , n " \\ rand 

3?. The utviiti >k t <i ab;at!or : <- ice 3v:embi\ vn i i . mrthm 
comprising: 

and having a working length along the kmgimdhi&i axis which is adjustable between a 

Mi K > ! u fM n ^ v i uu r.W 

it i sng< p I s i >. - t > r v ^ 1 en* 

being adapted so couple io dw working length and also so ablate a commwous, 
circumferential path of -issue adjacent to the working length over the rouge at expanded 
site o ssswiet 

3H. the eaemnk-wnwb ,g>iam>: ; device s^iih of chum 37, whetem the 
expandable member when adjusted to at least one of the radially expanded positions 1$ 
p < ' j h > ! 

3<). The ch amino t < >n levies assembly of claim 38 ; . wheoein the 
H-k m> U h h ^ , v u > o s aid 

dis j > > s > h } t s s tw 

psm tr al v m d ^ Mm e.oca 

n xsli, m i ds 

exp ndable member eomps tii si ! spied to i pie < i 

• < s ! , ok fluid source, and the inflatable balieon being constracted of a compliant 

hnBoon material which is adapted to engage the pulmonary vein ostium when advanced 

wuogradedly from a left atrium into the pulmonary vein and against the pulmonary vein 

ostium. 

g , -v w~ m \ a i t w v » <- * c vi i < 

compliant bahoots nsatetial o; selected from the group of materials consisting ofs-h^ m. 
latex robber, polyvinyl chlowsw ana blends o$ combiaatmns thereof 

74 



WO 



42. The circumferential ablation device assembly of claim 40, wherein the 
ompli * >a!k j f 

5 43, 5' MM . vA v. »\ v > ^ ! 

element further comprising > ^ r element which is adapted to couple to t electrical 
urrem source and to *bla ihe en crab ju n son isx « a 1 eetriea! cottent 

44 < 1 vhere- a tht 

SO eice!r<\L- vk;eca; a c v \ . ^ anenn d oc me ^nv-W-xemnd m 
tgate bed) 



45, The circumferential abiaaon device sssambiy of claim 1 , 1 ablation 
c &m i t 

46. The circumferential ablation device assembly of claim 1 , the ablation 
element further comprising a cryogenic element. 



47, * 1 £ 
CO eie.nver.it bath 



< uhsrrc the 

h no o enemy applicator a: engaged s> die distal end pernors of the don gate body at a 
fixed location relative to the longitudinal axis. 

^ ^ s n a > 5 diinc'n da. 

v. .a,- a . \ - > 11 s 

pp i-e.aot a; a faxes , j" noi 



IS 
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> 1 - k a t j n { <- i i T v \ 

t i ergy applicator mi he a o „u 

kmi 

5 1 . The f it ' abkmon device is-„< i as tn Chum 50, wherein said 

i< ! ! . e s aruosp i $ 

1 i ■ < < ' ^ ^ - jo 

the c;reonrreren.hal ablation member thrther comprises an expandable member 

I v v ! t 1 v l § t pbt.l 

actuator, the expandable, member farther having a working length along the Umgimtima! 

\) l i -, ! s U i i 

* >s <. 1 V O 5 X ,55-- <fkk 

position than when in hie radially collapsed position, tend expandable member being 
sdapi toe? i ci 
position; aid 

said ultrasonic energy applicator is positioned withm the expandable member at a 
vJ i a 

x ,r uo stix 

comprising: 

an. expansion actuator winch. > coupled to the expandable member arid which ;s 
i > V - > i < 1 1 , ? o 

rad.tai.lt expand dp< sidon 

54. ^ i i < ! > 

expandable member tn do- rachaily expanded position is adapted m engage the pulmonary 
vein ostium, 

55, A circumferential ahhooe dc\ ice; ;j>.txnmh u at ■ Lea; x. e-nCKX - 1 
e\p nxLine n .ot w n t <. o-, ^ * • ^osm-n s ^ „p ed U engigv tbe x a mat^ 
velawait 
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56. 1 V Lv-,ii abktkm ue , .u>».emK\ «i ebun :* . x s u, * 
expandable member iei'ther comprises a highly compliant ehaO>roerle material. 

S 57, , v. ! - N ^ v ul 

ultrasonic mo g applicator has a ongnra ad k rmba is one: baa he working 
length oi i tee> m$ hk nomfooi 

58. i i to t v. j i 

a) a r . v 5 - ■ < a . >. x ^ ^ > v ka t 

5 k, \i\ l a * i 

n.i j > es , » { « >o U> as mo ^ < J et 

atrium; 

S:S positioning the ultrasonic energy applicator at a fixed location relative to a 

_ l i u ,< > a * , - \ v >ua 

v^«ndasabsta 

activating the ultrasonic energy applicator to direct ultrasonic energy to the 
o w O k * region m * 
20 . , < v. | t > v «. . « U 

region of tissue and form a cimendbrenkai conduction block along the cuca;oiemnkal 
oo m 0 t s a 

60. \ a s - ii ' a 

2S located within the pulmonary vein. 

6 k x a kxI f i* ere in salt nkal region of i 

located within a pulmoaary vei n ostium of the pulmonary vein, 

30 62, A method as in Churn 59, wherein said m ? an \i region of tisane is 

ieO i ; amn a ci sa o e netm ut> t <r k-t) 

atrial wall. 
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CfiU > p ■> i O 1 1 1 v \ i 
5 , { f! i i ^ ^ 

ion x s< h« u»';t i ■ 
vein wall of the pulmonary vein, 

65. v K m "' - 
!0 i < u « ~ 

66. ^ ! ' t < 
comprises an array of transducer elements, and the method further comprising energizmg 
the array of transducer dements m order to ablate the circumferential region of tissue, 

S3 

67. A method as m Ckura f<m rkihu vourmmp en no - - ca>. : one array of 
u utxHkN : - h-emn e Jem a, euv of one another. 

6.8. . \ »• ' " » o ' 

20 ^ !<• 0 > non-r vein 

v n p 1 vt N - ! ,ri «■ ' >- > ^ ? ^ i * 

t ■} i vein lumen, a pulmonary vein ostium located aloag a left atrial 1 of a hi 
m , x. v v s v s 1 1 ! n\ 

^ tctvm 

25 v " ' x \ iO >i< 0 * lillKl " U 

region of tissue akmg m pulmonary vdu wad and thereby circumscribes die pulmonary 
vein lumen and transects the electrical conductivity of the pulmonary vein by blocking 
eku:n1cnKem1nctm« an die "mngitudia v 

30 6 ) The method of c [aim OP jm the etna; arrhythmia originates at least u 

rum * an urn, ot u •> c te v. ! foe ~ > i n <■ vem v d s wgenar 
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c fxt m iii i oaduct 05 block is loesstisd at a position along ike L 
5 0 -o c< : - ^i'v 

70. The method of claim 68, wherein the atria; enrhv-hmu originates at least Iii 
; : : m o< v\ w ) to oh a: !o,aned ahiog the nuhnorkoy -.eh. oof. ml » .\K n 

the circumferential conduction block is located at a position which is between the 
\ - t <^ * 1 t e the let wjAI \ iO\! bro a 3 kn 

electrical conduction propagating from the arrhythmogenic -ran a 

m 71- The method of claim 68, further comprising; 

ablating the c:an i.H/J region of tirora; whh o ■ \- a; , abhuhm device 
assembly havmg a eireurntemnhai abiaoon element coupled to a eheummrent ud abianon 
member located oa a casta! end cordon of an elongate catheter body, thereby fornkng a 
i o oswi ba^k 

53 

72. Th* 1 o urn"! svherein the . <. 

u s ' d\f b s ! J - ! -. r . n ml 

xpusiag: 

l< to < v «. v ! ! i 'd f tn 

2i) i 

id -on f v rn u-'ov' \ 1 k\ , haeoo o 

- ' i o - nmon block- 

73 . The meihod ■ clano 72 . farther comprising: 

25 tT-mtn \ ! ! a 

> o > s sn th c 00 

< ! t aeonn 

74. The method of claim 72. wherein the ablation region js - the weaer of the 
30 pulmonary vdn ostium. 
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~5 HnnXk'thoxi . mt n " « t . f t e„> mm md> 

c x v , ,a i i * t 5 * at J 

method further c omprising.: 

< i > < , ll i KHH IO 

5 $K { 5 Is-- s 

I ! ! 5 \ < 5 * ' ' 0 £ 

nuiah 

76. The method of ckdm 75, further comprising: 

SO ! £ <• 1 is v ^ ' K , x o rs 

, ! O , t N 5 

77. Themedxxlidh u 

further comprises an expandable member that is adjustable between a radially collapsed 
IS position and a radially expended position and that includes a working length coupled to 
and extending m iii .t '> of the cimtmtferenhal ablation element. > 1 an expanded 

1<_ h a i ^ 1 a v.c? 

than a collapsed outer diameter of the working length when in the radial ly collapsed 

|, HOI ll N I ^ - ! i V 1 > 

20 ilt > > ^ v 

p.mnmg t \n mo i dt be ihvjei o sn on > hi 

radially expanded position such that at least a portion of the citcumferentiai outer surface 
engages the pulmonary vein wad along the ablation region, 

25 78. 

expanding the expandable member from the radially eoiiapsed position to the 
radially expanded position while the expandable member ;s positioned whom the left 
atrium; and 

Wat v i - , % s > mn mm n 

;;0 «lmo try vein ostiun in ea portion he work ! ! up led to the a! 
element u 1 1 d engages the pahoonsry vein wail in a region of the pulmonary 

vein ostium. 

m 

mmrnmimsmm mmM im 
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79, The method of claim 77, wherein expandable member further comprises 

tx Ml OO l V,>M h,u" < ! i 11 uh 

comprising; 

. s v. ', m- the balloon to the radially expanded position by pressur.ki.ng the balloon 
> o 0; id from the p$ surizeahie.fi 

8 1 i ! > n ' a 

v k ! i ><.!<, ou ^ < s t -s ^< 1 aid 

< f U v n ! i hoi ,111 

\, id ] * Mi i m ik'd 'Ut 

catheter body further includes a perfusion lumen extending between a dotal perfusion port 
h i l i * i < ! ' ; ' } \ ! si 

proximaliy of the expandable member, said method further comprising: 

I m .k« d i do x <ot -e f ^ a-- v o> ] i through the 
perfusion lumen, and out the proximal perfusion port when the expandable member is t» 
die radially expended positron. 

82, 1 „ » 

t i n j 1 n v ' <J ! v > < > 1 <- 

assemblies, the working length of each expandable member of each enxmnbbremdai 
i.hheloo dm. no arserah.lv m dn \ > t > 

older expanded outer diameters m the other expandable members m the dm when m the 
id? n s v m \ > m ! 1 < 

mearurmg a diameter ofd.be pulmonary vein rumen at the ablation region where the 
>!K!H -sour! ik'oxxm-ri '-r K v-n K , - "md no 

h im i ~ n ^ * n ' i 

devices according to the measured diameter. 

$< In'Mrmii.m - ^ N v s , m the abkmon rem „ ee- se 
pulmonary vein ostium, 

%\ 
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84, The method of claim 82, further comprising: 

injecting commm annetiai an ■ it least one ot a riahi ammo u rigid vcanriclm and a 
pulmonary artery; 

5 >i' i v. Mi v , v 

( O ! hi , I 

< < I < v , K M!i v I ^ ! \ 

rayimag< ; ih po rnona r vem 

SO 85, m s {• prising: 

\ o M ? m Ha >o ; m . * " ' probe into ar; esophagus in a region adjacent to a. 
heart and the pulmonary Year. 

a < >n 'M an t a > , > > ^ oi 'be ;a on u,w - ol using the 

i- < 

is f ! 1 

transesophageal ultrasonic image.. 

86. r : s ^ • 1 v. v 1 hmi device 
assembly binder comprises a Imear lesion ablation member ad jacent to the circnnuhrendal 

20 H I b i s <. s ! m k^imi abfadon 

one \ net a\ aar ^ ^ 

contacting an eiongam regmn of usam adjacent, to the ablation reason with the 
kit i v 1 a a > sin neat and 

> i ii k! m t { 

25 N s N In i 

87, I s - c * i i 
tkmioiapadofsdjacenl-xo . s <. he | sirs tm\ ^ 
I a second pulmonary win adjacent, t n the In 

30 t 5 N * > V U i I I I i 

no an ogposile rso\mm ca<, wila: an ^ me a-u-o mo s" n n ^ ~h„ by a.m c: t lev 
v n id method Amber emnpdsm 
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;!v < >g t ii to en to! v i\ ' ' ■* 0 a'.t i v. i i m ^> 

exnainiam the expandable member to the radially expanded position sued thai the working 
length engages the pulmonary vein wall; and 

< < v , f s 5 ->u ih t veeond 

5 aoehi U *k < s 

rm In method ot urn in'menier; \ < wmme , ioa araKae innou 
lesion are fanned > that they mtersect at least at one location. 



to H9. * > 1 1 

<. i \ N 5 ' t v a ^ > - 5 -a <. 

shdeably track and advance over a gableosm ■, method Rather » u • 

^ u<m a distal gubiewaa end portion of the galdewire from the left atrium and 
into the pulmonary vein through the pulmonary vein ostium; and 
}5 advancing the distal gui<kwire tracking member over the ^ n until the 

> na r v ! t < . d ~t > i thi 

ablation region. 

hit IKl h i t 1 - s < s ) n ' ! 

20 t < > \ e v v. « i * u 

catheter body distally of the working length and a several distal gmdewne port located 
along the elongate catheter body oreaimally at an distal gaaiewire part, the distal 
guhiewue tracking member being adapted to mm track over the gmdewne sbdeabiy 
«. \ n t o, * ! i ! > i 

25 method fnrtlna comprising: 

slideably coupling the guidawim wtdrthe distal guide, wire tracking member by 
engaging the guidowhm within the distal bore through the first and second distal gtbdewire 
ports. 

30 91. i ! > ' v. <. 1 , I ,i 

oa the distal end portion of the elongate body, and wherein the guidewire distal end portion 
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di^Ul g dev a tracks a nsenhd 

\ei i - v , s i ^.h i«v.s viv.v 

, * x < < n i f * ^ ! < v 

subsunt it i f i ot e led < < v. ! 

e Lst ie of the other pule 

K U i i s ' ' t 

t ,< • t ! , , 1 ^ v ) < -i I ' ni 

n> i f i ' O v <. ^ ' O? v. > US il O O 

at least th I 5 tiuro 

sing 

uferential regk 

il l \ v > k.h surrounds the first ostium I 

isolates the first ostium from the uK^uu&l portion, 

*N k SO }<V , ^ x i v ! I £ i i 1 < t 0 i 

»stl tj ^ f > ^ ^ v >'>v o s . ill tot 

) s - . v iSiilg 

i ar lesions along the left r< 

wherein the euxamifereatial conduction block intersects with and coiraects the two 
linear lesioas. 

% IV -oath; u ro v v <• >m oo< v oie 

braii < the v. ,.Mi o. < ) oaductiors block 

84 
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>? IK mar- , i 1 >- * - - ; „ v » j ' 

forming the ckcumfersniiai conduction- block. 



u$ i iv- -ocih > * os ni \ ^ \ ~e she < < * ^ o*> ■> - ok> >i n <k\ is 3 

5 *rurrk*t < > <. v. r ^ w v ^ *Mhh' 

uui s ^ckj ( *\ r N *• s ^ ( A >5V ' 1 1 
orJ ^ o i » e > »su*£ 

. m » ! v , m ^ v , ' » i < itiunnl 

path of tissue ivi the left posterior atrial n . which surrounds a second ostium and which 

to ecmcxUy i solves th c\ n t U < e km p> fit r tri 

Hi', KM s ! 



99 ^method of 1 t rpnstro 

fooa og ofis t linear conducts s : ^ >cl along a smear path of tissue ext.esdi.stg 
! 5 between the first and second ostia and Which intersects with the first and second 
rcon us eosi - - > > 



100. The method of claim 98, wherein the first, and second eirenmferenisai 

20 

V u u nil t t i M * i I 

adjacent s > s ex* espe n 

102. The method of claim 98, wherein she piurahry of ptdmoeary vein < 
25 further includes third and fourth ostia. and farther comprising: 

forming a third drcumferemial conduction block along a third circumferential path 
n < v s ici ssrsd ^ a d v IsscT 

ho st ca! N > 0 as s sin t uro: t «iium fro n a th I ; ruos » she k - en> \ ti al «. < 
\ J l ^ h ' vs.! u os.l^ue and 
38 no v* t 1 ! - rv * < so\r„nt d 

oesi; ot n to in sue hod w -scoot atss ^ 1 uhnh - ss «. site < \ ano winch 
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efoetrioalh isolates the fourth ostium from ; fourth portion cabin, isft pm e? or ttris! waH 
that includes the. first, second, and third oatta. 

103. le met a «. s n 

5 kv TiilK' , 0:0 » On > ^ s v a=otefo>r Or: e > i ;;.nd ul nneaaco 

vrhh and extends between a first pair of the circumferential conduction blocks; and 
lotr ni„ a >\ ra haem v ^a f , m . \ <. v i - t e w ai * wd 

Ilk AO 0 tl v v v i s < J * V.i ' 

blocks, 

10 

104. hoc k>o<>U<m <■ . I a , !h tw Jifnu > ti'.f 
rut ! } > oartho econdpasro 

^ tu v > h <.n n, > o > ' a i I <. n m a , , <<t 

Lb ! i ' K.w ^ thvil <aa x i O 

1* parol ' t . 1 M > 

v.>.» t > > kl in t1 v <» 

he set b clrc t n decks 

1 05. The method of claim 1 • 1 b whsrem a box-shaped conduction block Is 

conduction blocks and the first and second linear lesions and wherein the left atrium 
further comprises said mitral vaive aonthas, and further comprising: 

* a v v ' - * i N i md be 

mitral valve aanulus. 

25 

v s o t I'l I'l 

forming a third hneat lesion along the left posterior atrial wall and which internets 
with mat extends between one of the foot pair and one of the second pair of circumferential 
v *wa< u oh -1 ; , ca 
IB formme a fmaaa nmke :o >i m to n ; na I m : com m etc- o ! : and which 

i r \ ^ * inJ \L< ul ( >v 1 < ,v i ' ! c b o 

pair of circumferential conduction blocks. 

86 
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107. fh ; 

formed by the combination of the first, second, third, and fmnh ebc inferential 

5 further conipri^ a snu slu nulut sod further romp msnit 

fomuos; ; s Hi ' ^ < ^ s N « <t ^ >t • vu ,v s* t t< v* ' >•>< v-hioh e^rd- 
* < t i < ^ s ' urn 
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along a Csraysnferentla! Region of Tissue 
in a Pulmonary Vein Wall 
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Posit 


ion Guiding Catheter Tip 




Into 


Le.fi Air fum From Right 




Atrium 


and Through Fossa Ovolis 





Advance Distal End Portion of 
Guidewire out Guiding Catheter Tip 
and Into Pulmonary Vein ("PV") 
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Advance Distal End Portion of 
Circumferential Ablation Catheter 
over Guidewire and into 
Pulmonary Vein 
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Position Ablation Element Adjacent 
to an Ablation Region along PV wall 
where Circumferential Conduction 
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Ablate a Circumferential Region of Tissue 
In the PV wall which Circumscribes the 
PV Lumen and which Transects the PV 
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Form a First Linear Lesion in Tissue Extending 
S~\J Along a Left Atrial Well and Between and 

Including a First Pulmonary Vien (TV M ) ostium 
and a Second Pulmonary Vein ostium 



Form a Second Linear Lesion in Tissue Extending 
Along the Left Atrial Wail and Between and 
Including the First PV ostium and 
a Third PV ostium 



Form a Cfrcumfaremal Lesion Along a 
Circumferential Path of Tissue in the 
PV woU of the First Pulmonary Vein 
which circumscribes the PV Lumen 
which intersects both the First 
and the Second Linear Lesions 
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Different 
PV 



Monitor Electrical Conduction Signal 
Along Pulmonary Yien ("PY") Wall 
with Signal Monitoring System 




Identify Location of Arrhythmogenk 
Origin Along Longitudinal Axis 
of the PV 



Position Ablation Stent Adjacent to an 

Ablation Region that either includes 
tNe Arrhythmo-genlc Origin or is Between 
the Origin and the Left Atrium 
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Above Ablation Region 
ANmq PV wall 
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Along the PV wall at the Ab lot ion Region 





Monitor Electrical Conduction Signals 
-Along PV wolf Between Ablation Region 
and the Left Atrium 
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